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ABSTRACT 
Transportation systems in the U.S. are in a poor state of disrepair. A significant 
investment is needed to replace or rehabilitate current transportation infrastructure. 
Currently, transportation investments are lackluster with the recession of 2008 heavily 
impacting transportation spending, inciting deficits and budgetary cuts at state and federal 
government levels. As a result, policy makers and public officials are increasingly 
looking for innovative financing and alternative delivery methods to supplement 
traditional financing and delivery for transportation projects. Subsequently, the number of 
public-private partnerships (PPP or P3) has increased substantially over the last two 
decades. 
There is a growing need to quantify the project performance and financial benefits 
of PPP. This dissertation fills this gap in knowledge by performing a comprehensive 
quantitative analysis of PPP project performance and financial sources for transportation 
projects in the U.S. This study’s specific research objectives are: 
(1) Develop a solid baseline for comparison, comprised of non-PPP projects; 
(2) Quantify PPP project cost and schedule performance; and 
(3) Quantify private versus public financing sources of PPP. 
A thorough literature review led to the development of a structured data collection 
process for PPP and comparable non-PPP projects. Financing data was collected and 
verified for a total of 133 ongoing and completed projects; while performance data was 
verified for a subset of 81 completed projects. Data analysis included regression analysis, 
descriptive statistics, inferential statistics and non-parametric statistical tests. 
ii 
 
The results provide benchmarks for PPP project performance and financing 
sources. For the performance results, non-PPP projects have an average cost change of 
8.46 percent and an average schedule change of -0.22 percent. PPP projects have an 
average cost change of 3.04 percent and average schedule change of 1.38 percent. 
Statistical analysis showed cost change for PPP projects were superior to that of non-
PPP; however, schedule change differences were not significant. For the financing 
results, private financing totaled 44.5 percent while public financing totaled 55.5 percent. 
This result shows private financing can be used to leverage public financing with close to 
a one-to-one ratio and that PPP has the potential to double the amount of infrastructure 
delivered to the public. 
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1. INTRODUCTION 
1.1 Current State of U.S. Transportation Infrastructure 
The U.S. transportation infrastructure network is in a poor state of disrepair. In 2013, the 
American Society of Civil Engineers (ASCE) released a report grading 16 categories of 
America’s infrastructure systems (ASCE 2013). In this report, ASCE gave transit and 
roads a grade of “D”, which is defined as follows: The infrastructure is in poor to fair 
condition and mostly below standard, with many elements approaching the end of their 
service life. A large portion of the system exhibits significant deterioration. Condition 
and capacity are of significant concern with strong risk of failure. 
 Transportation infrastructure affects almost every aspect of the economy and as 
such is a key element in advancing the economic competitiveness of regions and the U.S. 
as a whole (Winston 2013). Public resources, including federal, state, and local funds are 
spent to deliver transportation projects around the U.S., which reduce congestion, 
enhance the economic value afforded to travelers, and facilitate the efficient and effective 
movement of goods and services. However, the Great Recession of 2008 greatly 
impacted transportation spending, inciting large funding deficits and budgetary cuts at 
state and federal government levels (Jonas 2012). As a result, transportation funding 
decisions are becoming increasingly difficult as needs continue to overwhelm available 
resources (Rall et al. 2015). Examples of current funding shortfalls include the insolvency 
of the Highway Trust Fund, the declining value of the federal fuel tax, and numerous 
delays and “funding patches” for federal surface transportation authorization (CBPP 
2012; Rall et al. 2010). In fact, the Economic Development Research Group in 
association with the American Society of Civil Engineers (ASCE) documented funding 
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shortfalls for highways and surface transportation spending, indicating highways will 
have a funding shortfall of $756 billion by 2020, and surface transportation (roads, 
bridges, and rail) will have a funding shortfall of $90 billion (EDR Group 2011). 
Moreover, the National Economic Council (NEC) found the U.S. invests less than one 
percent of its gross domestic product (GDP) on transportation infrastructure 
development. The NEC further noted nearly 65 percent of all roadways are now classified 
as “less than good,” falling into disrepair with considerable maintenance backlogs (NEC 
2014). 
 These aforementioned studies and reports highlight the critical need to repair, 
rehabilitate, or completely replace aging transportation infrastructure and, as indicated, 
this effort is going to require considerable investment from federal, state and local 
governments. However, based on the investment trends outlined in Rall et al. (2010 and 
2015), EDR Group (2011), CBPP (2012), Jonas (2012), ASCE (2013), and NEC (2014), 
current public transportation infrastructure investment has been lackluster. 
Due this combination of deteriorating infrastructure and declining investments, 
policy makers and public officials are increasingly looking for innovative financing and 
alternative delivery methods to supplement traditional financing and delivery for 
transportation projects (U.S. Treasury 2014). As a result, the number of public-private 
partnerships (PPP or P3) in the transportation industry has increased substantially over 
the past two decades. Many organizations have used differing definitions of what 
constitutes a PPP arrangement. The next section elaborates on these definitions and 
provides an overview of what the author considers to be the defining characteristic of a 
PPP in this dissertation. 
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1.2 Public-Private Partnerships 
A PPP is a contractual agreement formed between public and private sector partners and 
expands the private sector’s role in the delivery and financing of infrastructure projects 
(FHWA 2015). According to the National Conference of State Legislators (NCSL), 34 
states, one U.S. territory (Puerto Rico), and Washington, D.C., now have legislation that 
allows a state entity to engage in some form of PPP (Rall et al. 2015). Subsequently, a 
PPP does not constitute any single project delivery method; instead there are many 
delivery methods under the PPP umbrella depending on how the definition of a PPP is 
interpreted. The National Council for Public Private Partnerships (NCPPP) has defined 
18 separate methods that can be considered a PPP (NCPPP 2015). Similarly, the Federal 
Highway Administration (FHWA) has defined seven delivery methods that can be 
considered a PPP. In fact, the literature on the definitions and types of PPP is rich (Hodge 
and Greve 2007 and 2009). Consistent with most of the available literature (e.g. Hodge 
and Greve 2007, 2009; Istrate and Puentes 2011; EnoTrans 2015), this dissertation uses 
the existence of private finances (to leverage public funds) as a critical defining 
characteristic of a PPP. 
 Figure 1 shows the high-level grouping of entities that can finance projects. The 
hatched lines represent the projects that are considered for this study, i.e. PPP projects 
compared to public projects. The financing and delivery of transportation construction 
projects is separated based on the following: First, any project delivery system can 
potentially utilize private financing to finance the project. For example, most DBB 
transportation projects are typically financed by the public sector; although, there have 
been examples where private transportation projects are delivered utilizing DBB and are 
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financed by a private entity (Zhao et al. 2011). In this context, a private owner conducts 
work outside of the public domain and these DBB projects that utilize private money are 
typically not public projects. Similarly, for DB transportation projects, generally the 
owner is a public owner and provides the financing through public finances; however, 
there are examples of private DB projects where a private entity will provide all the 
financing for the delivery of the project. Once again, these DB transportation projects are 
initiated by a private owner conducting work outside of the public domain and are not 
public projects. Overall, the instances of private owners financing private projects are 
outside the scope of this research; this research focuses on PPP projects as compared to 
public projects. 
Public PrivatePPP
 
Figure 1: PPP at the Intersection of Public and Private Financing 
Now that the scope of research has been defined, Figure 2 shows the specific 
delivery methods considered for this dissertation. First, given that only PPP projects are 
considered for this research, and compared to fully publicly financed projects, Figure 2 
shows the baseline project delivery methods along with the PPP methods that are 
extensions of these baseline methods considered in this research. Specifically, the main 
delivery methods considered in this research are grouped into two categories: (1) non-
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PPP delivery methods which constitute the baseline for this study consisting of design-
build (DB) and design-build-operate-maintain (DBOM); and (2) PPP delivery methods 
that include design-build-finance (DBF) and design-build-finance-operate-maintain 
(DBFOM). 
Design-Build
(DB)
Design-Build-
Operate-Maintain
(DBOM)
Design-Build-
Finance
(DBF)
Design-Build-
Finance-Operate-
Maintain 
(DBFOM)
PPP Methods
Baseline for this 
Study
 
Figure 2: Project Delivery Methods 
Specific to this dissertation, data was collected for the non-PPP methods to form 
the baseline for comparison for the PPP delivery methods based on the following 
methodology: First, DB and DBOM project performance and financing data was 
collected for public projects listed in the Public Works Financing (PWF) national 
transportation projects database, the Federal Highway Administration’s integrated 
projects delivery website, and Infra-Deals America projects database. Next, using the 
same databases, similar data was collected for DBF and DBFOM projects. Subsequently, 
project and financing data was verified with key constituents on each of the projects. The 
intent is to compare PPP projects that utilize a combination of public and private 
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financing sources to projects that are fully financed through public sources. The next 
subsections define each of the four delivery systems and present an overview of the gaps 
in knowledge that motivated the research presented in this dissertation. 
To preface this next sub-section Figure 3 on page 7 provides an overview of the 
typical configuration of the two baseline delivery methods and the two PPP delivery 
methods highlighted in Figure 2. Figure 3 was developed and adapted from PWF (2014), 
FHWA (2015), and EnoTrans (2015).  Subsequently, the two non-PPP delivery methods 
used as a baseline for comparison with the PPP methods are discussed below. After, the 
PPP methods are discussed in section 1.4. 
1.3 Comparative Baseline 
DB combines the design and construction phases into a single contract with one entity. 
This single point of responsibility is in contrast to the traditional design-bid-build (DBB) 
approach, in which design and construction are awarded to different entities in separate 
contracts. By combining the risk and responsibility of designing and building, DB has 
proven to save time and resources over its traditional DBB counterpart (Konchar and 
Sanvido 1998; Molenaar 1999; Gransberg et al. 2000; El-Wardani et al. 2006; El Asmar 
et al. 2010 and 2015; Zhao et al. 2011; and Ramsey et al. 2016). Typically, DB firms are 
only involved in the design and construction phases with no financial involvement to 
secure financing for the project or beyond the project timeline. Therefore, while DB 
forms the basis of most PPP contractual arrangements, there are varied opinions on 
whether DB represents the conventional definition of a PPP where private financing is a 
critical component of the definition (Hodge and Greve 2007, 2009; Istrate and Puentes 
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2011; EnoTrans 2015). In this dissertation, DB transportation projects are used as 
baseline for PPP performance. 
DBOM is a delivery approach that builds on DB, where a private entity designs, 
constructs, operates, and maintains the facility for a specific period of time meeting 
specific performance requirements. The private entity is typically compensated in the 
form of availability payments based on a given performance level. Because private 
financing is not required, the public sector still retains full responsibility for financing 
these projects (Zhao et al. 2011; PWF 2014a; FHWA 2015). Hence, due to these projects 
being fully financed from public sources, these projects are also used along with DB as 
part of the baseline for comparison. 
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1.4 PPP Methods 
DBF can be seen as an extension of the DB method when the private sector also assumes 
additional financial responsibilities. The private entity agrees to provide all or some of 
the construction financing and to be paid back either through milestone payments or 
completion payments made from public funds. These arrangements are typically short-
term in nature and repaid at construction completion or extending only a few years later 
(FHWA 2011b). DBF is most often used when there is a full funding agreement in place, 
with funds flowing into the project later than construction needs require, in cases where 
the contractor will be repaid in one lump sum upon full completion, or in cases of 
emergency, on the part of the public sponsor (Zhao et al. 2011; PWF 2014a; FHWA 
2015). 
 Similarly, DBFOM is an extension of DBOM in which the private sector also 
provides some or all of the project financing. This delivery approach increases incentives 
for overall value-for-money considerations because the private sector assumes a 
combined responsibility in finance, design, construction, operations and maintenance. 
The sponsoring government agency retains ownership of the facility (Zhao et al. 2011; 
PWF 2014a; FHWA 2015). 
1.5 Knowledge Gaps 
Currently, based on the available literature, only a handful of studies have quantified the 
project performance of PPP in the U.S. transportation sector. AECOM/DMJM Harris 
(2007) conducted research for the United States Department of Transportation (USDOT) 
FHWA regarding several project performance characteristics of eight completed and 
three ongoing PPP projects in the U.S. The main finding indicated PPP project 
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performance is favorable over traditional delivery methods; however, the sample of 
projects was too small to infer statistical significance when compared with non-PPP 
methods. Chasey et al. (2012) quantified the project performance of 12 DBFOM projects 
in the U.S. and Canada. The main finding from the research showed an average 0.81% 
cost change and -0.30% schedule change indicating PPP DBFOM offered superior 
project performance for this sample of projects. However, this study only included two 
projects from the U.S., therefore the performance of U.S. PPP delivery was only partially 
quantified through this research. 
Furthermore, there are three studies that focus on the financial composition of PPP 
in the U.S. (Houtman and Iseki 2012; Kile 2014; and Transportation Infrastructure 
Committee (TIC) 2014). Houtman and Iseki (2012) conducted a case study analysis of 
two DBFO projects in North America, one in British Columbia and one in Texas. Their 
findings compare and contrast a variety contracting characteristics regarding the two 
projects. However, the financial composition of these projects is only briefly discussed. 
Kile (2014) presented a report to the U.S. House of Representatives PPP Committee on 
Transportation Infrastructure based on a study of public and private financing 
contributions for 10 completed and nine ongoing PPP projects in the U.S. transportation 
sector. This study mostly focused on institutional issues regarding PPP implementation in 
the U.S. A key learning point from this report is that assessing the financial efficiency of 
PPP infrastructure projects is challenging, mostly due to limited data and research on the 
subject. Finally, the TIC (2014) report detailed the current state of financing in the PPP 
industry and focused on federal contributions and private financing mechanisms utilized 
to finance PPP transportation projects. This transportation committee found that new PPP 
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transportation projects are heavily utilizing private activity bonds (PAB) as part of their 
financing package. Additionally, the Transportation Infrastructure Finance and 
Innovation Act (TIFIA) loan program has contributed $23.1 billion to help finance 59 
projects (USDOT 2016). 
Overall, through the identified PPP literature, there is a need for empirical evidence 
for PPP project performance and PPP financing contributions. Therefore, this study 
attempts to significantly address this gap in the body of knowledge by providing a 
comprehensive quantitative assessment of PPP projects in the U.S. transportation sector. 
1.6 Research Objectives and Method 
The three objectives of this dissertation are as follows: 
(1) Develop a solid baseline for comparison, comprised of non-PPP projects; 
(2) Quantify PPP project cost and schedule performance; and 
(3) Quantify private versus public financing sources of PPP. 
The main focus of this dissertation is quantifying project performance and financing 
contributions of the two major PPP delivery systems, DBF and DBFOM, to provide a 
national benchmark for PPP project performance in the transportation industry. The 
research is organized in three phases as shown in Figure 4. 
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Figure 4: Research Phases 
1.6.1 Phase 1: DB Performance 
Next, the three phases of the research will be discussed briefly. Phase 1 involves a 
comprehensive review of the project delivery performance literature in the transportation 
industry, and provides a comparative baseline for the rest of this study. This phase 
achieves two objectives: the first is determining the current state of transportation 
performance literature for DB projects over the last two decades. This meta-analysis of 
literature allowed for a generalized understanding of the performance of DB 
transportation projects in terms of cost and schedule metrics. The second objective is to 
compare the two decades of published DB performance literature with recently collected 
DB project data to determine any differences in performance. The intent is to solidify the 
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baseline that will be used in Phases 2 and 3. Results indicated that performance literature 
was performing statistically the same as the collected data. 
1.6.2 Phase 2: PPP Performance 
Phase 2 of this research study begins with conducting a comprehensive review of PPP 
project performance literature in the transportation industry, both in the U.S. and abroad. 
Next, ongoing and completed PPP projects were identified through public and 
professional databases which include the Public Works Financing (PWF) national 
projects database, the Federal Highway Administration’s (FHWA) website for innovative 
project delivery, and the Infra-Deals America projects database. Project-level data 
included project name, location, delivery method, concession agreement (in the case of 
DBFOM projects), month and year of financial close, type of construction (new 
construction or reconstruction), transportation project type, project length, contract award 
amount, final contract amount, contracted delivery time, and actual delivery time. Project 
data was verified with project constituents through structured interviews. PPP 
performance was quantified in terms of cost and schedule change and statistically 
compared with the DB project data collected in Phase 1. The intent of comparing to DB 
is because DB has been proven to offer better performance than other delivery methods 
for transportation projects.  Results from the analysis indicated the differences in 
performance between PPP and DB were significant: PPP offers a superior performance 
compared to DB. This finding makes sense because PPP methods use DB for the design 
and construction phases, and build on it even further by having the private entity 
financing part of the project, and sometimes operating and maintaining the facility. This 
finding is in line with the literature that shows more integration in the delivery of a 
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facility results in superior performance (e.g. Konchar and Sanvido 1998; El Asmar et al. 
2015). Ultimately, these results provided a strong motivation for Phase 3, which 
quantifies the financing contributions of PPP projects to guide agencies in their PPP 
endeavors. 
1.6.3 Phase 3: PPP Financing 
Phase 3 of this research involved quantifying the public and private financing 
contributions for ongoing and completed PPP projects versus their public DB 
counterparts. Projects were identified through the same public and professional databases 
used in Phase 2. Project-level data was collected along with financing data from both 
public and private perspectives. Public sources included state/local financing and federal 
financing. Private sources included private debt mechanisms and private equity. Once 
again, financing data was verified through structured interviews with project constituents. 
Results from the analysis indicate DBFOM represents a “true partnership” between 
public and private entities due to the similar financing amounts, nearly a 50-50 split 
between public and private sources of finances. Additionally, the analysis indicates that 
through private financing, PPP methods can help nearly double the amount of 
infrastructure delivered to the public. 
1.7 Dissertation Format 
This dissertation is organized in a format combining three full journal papers. Each of the 
three subsequent chapters represents an independent journal article that is either accepted 
or in the peer-review process for ASCE academic journals. Therefore, each stand-alone 
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chapter will have its own abstract, introduction, objectives, methodology, discussion of 
results, and conclusions. 
 The comprehensive literature review and DB performance study are 
presented Chapter 2. This study provides a motivation for the baseline 
based on which PPP project performance will be compared. 
 The PPP project performance study is presented in Chapter 3. This 
chapter provides an in-depth analysis of PPP project performance in the 
U.S. transportation sector and compares the results to the DB results of 
Chapter 2. 
 Chapter 4 presents the PPP financing contributions study. The results 
quantify how PPP forms a partnership between public and private entities, 
and show how public financing can be leveraged to deliver more 
transportation infrastructure. 
 To conclude, Chapter 5 summarizes the major findings of the three journal 
papers, and focuses on the contributions to the body of knowledge, while also 
highlighting the limitations of the research and providing recommendations for future 
research. References and the appendix of projects used in this dissertation are presented 
last. 
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2. DESIGN-BUILD TRANSPORTATION PROJECTS: COMPREHENSIVE 
REVIEW AND PERFORMANCE ANALYSIS 
2.1 Abstract 
Design-build (DB) is an alternative project delivery method that has been utilized to great 
effect in transportation project delivery. Transportation research studies over the last two 
decades have been conducted to quantify these performance benefits, mostly in terms of 
cost and schedule metrics. This paper synthesizes the past 20 years of DB transportation 
performance literature in the form of a meta-analysis and compares these results to 
project data collected for 47 public DB projects. Project performance is measured in 
terms of cost change and schedule change on various types of transportation 
infrastructure which includes roads, bridges, rail, and highway projects. This study also 
ascertains a better understanding of the situations that caused cost and schedule change 
on these projects by documenting the reasons behind them instead of simply reporting 
descriptive statistics. Finally statistical comparisons are made between the DB 
performance literature and the collected DB data in-order to determine if there are any 
performance differences in this new dataset versus previously published literature. 
Results from the performance analysis show DB has an average cost change of nine 
percent and an average schedule change of less than one percent. Statistical analysis show 
the collected DB performance data is performing statistically the same as the DB 
performance literature, which seems to indicate that DB performance as a whole might 
have plateaued. This study contributes to the body of knowledge of DB delivery by 
aggregating project data on a national level from sixteen states and Washington D.C., 
conducting a performance analysis on public projects, and statistically comparing these 
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performance outcomes to two decades of published literature. Owners, transportation 
agencies, and DB firms can use the results of this research to better align their DB 
performance goals with generalized DB cost and schedule performance outcomes. 
2.2 Introduction and Scope of Research 
Design-Build (DB) is an alternative project delivery method (APDM) that is 
distinguished by a single point of responsibility for the design and construction of a 
facility (Design-Build Institute of America (DBIA) 1996). DB has become increasingly 
common in the architecture, engineering and construction (AEC) industry (Nikou Goftar 
et al. 2014). According to an industry report prepared for the DBIA, in 2013 DB made up 
nearly 40 percent of the market share for all non-residential building construction 
(Duggan and Patel 2013). Over the last two decades, performance research for integrated 
delivery systems, including DB, has shown the efficacy of these delivery methods in 
providing superior cost and schedule outcomes over traditional design-bid-build (DBB) 
project delivery (Konchar and Sanvido 1998, Molenaar et al. 1999, FHWA 2006, El 
Asmar 2013). DB has been heavily used both for building and transportation project 
delivery, with similar performance trends. However, a relatively recent study from 
Minchin et al. (2013) analyzed 21 DB projects from the Florida Department of 
Transportation (FDOT) and calculated an average cost change of 45.2 percent. This cost 
performance result is noticeably different than previous results from the last two decades 
of published DB transportation performance literature and provided motivation for this 
research. 
 Therefore, the scope for this study follows two lines of inquiry: the first involves 
conducting a comprehensive review of DB transportation performance literature to 
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determine if any outliers exist beyond what was reported in Minchin et al. (2013). This 
comprehensive review is completed through a meta-analysis that is explained in detail in 
the next section. The second and most integral part of the scope involves collecting 
project data of completed DB transportation projects and comparing the performance of 
these projects to what has been reported in literature. The main goal is to offer new 
quantitative evidence of performance benefits for DB project delivery in the 
transportation industry. The authors’ intent is to differentiate this study from previous 
literature. A summary of these differentiating characteristics can be seen in Table 1. First, 
the dataset collected for this study involves public transportation projects completed from 
all over the U.S. from several different transportation agencies which include state 
departments of transportation (DOTs), city transportation authorities, public metropolitan 
transit authorities and public transportation construction authorities. Second, in-order to 
be inclusive of different transportation project types the projects collected for this study 
include roads, bridges, rail, and highway projects. Third, the size of projects (dollar 
amount) collected for this study range from $32 million to $2 billion with the idea that 
this range of project sizes will offer a better understanding of DB project delivery for a 
wide range of project sizes. 
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Table 1: Properties of Literature versus This Study 
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National 
Level 
   x x  x  x   x x x 
State Level x x x   x  x  x x    
DB Sample 11 4 33 21 11 4 4 146 5 6 21 55 21 47 
Statistical 
Analysis 
x x     x x  x x x x x 
Significant 
for Cost 
No No     Yes No  No Yes Yes No  
Significant 
for Time 
No No     No Yes  No No  No  
 
Overall, the purpose of this study is to ascertain a generalized understanding of the last 
two decades of DB performance research and compare these outcomes to completed DB 
projects within the same timeframe, approximately from 1996 to 2015. 
2.3 Research Objectives and Method 
The objectives of this study are two-fold: first, the last two decades of DB transportation 
performance research is synthesized through a comprehensive meta-analysis, to act as a 
baseline for the second objective of the study. By definition, a meta-analysis 
comprehensively reviews previously published data and results of studies and 
experiments, in-order to disclose patterns, similarities and differences between studies 
around a specific topic (Nikou Goftar et al. 2014; Sullivan et al. 2016). Additionally, 
discovering the possible causes of dissimilar results that occurred can be an important 
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outcome of a meta-analysis (e.g. results reported in Minchin et al. 2013). For this paper, 
the authors attempted to gather all existing studies that discuss quantifying the 
performance of DB transportation projects in terms of cost and schedule change metrics. 
This comprehensive review included technical reports, conference proceedings, journal 
papers, Ph.D. dissertations, and Master’s theses. The second objective of this study is to 
compare and contrast the results of the performance literature with collected DB project 
data. This comparison is completed through a statistical analysis of the data utilizing 
inferential and univariate statistical methods. The inferential method utilized is the 
Anderson-Darling test for normality and the univariate statistical method is the non-
parametric Mann-Whitney-Wilcoxon (MWW) ranked sum test. Data collected includes 
cost, schedule, innovation, and qualitative attributes. The next two sections showcase the 
results of the meta-analysis and the collected DB project data and characteristics, 
respectively. 
2.4 Literature Findings 
The data gathered from the meta-analysis is summarized in in this section. To preface this 
section a majority of the published literature on DB project research in the transportation 
sector involves comparing the performance differences of DBB versus DB. Subsequently, 
due to the large scale of published literature on these methods, the authors developed 
specific criteria when selecting the literature for this research as follows: 
1) The literature includes DB as a project delivery method that is studied 
2) The literature quantifies cost and schedule performance in terms of cost and 
schedule change and; 
3) The literature specifically focuses on transportation projects. 
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Overall, the authors found 12 research studies that focused on cost and schedule 
performance. These studies are summarized below in Table 2. The reported data for each 
of the studies includes the delivery methods investigated, project location, project size (in 
dollar amount), sample size, and statistical methods used. Each study is then elaborated 
and discussed in detail. A couple of general observations can be noted in Table 2. First, 
five out of 12 studies only report descriptive statistics. Additionally, four of the studies 
focus on the state of Florida, while two focus on the state of Texas. Four studies collected 
project information from all over the U.S. 
Table 2: Transportation Performance Literature 
 Reference Methods Location Project Size ($) Analysis 
1 Ellis et al. (1991) DB Florida $446k – $12M t-test 
2 Allen (2001) DBB 
DB 
California $4.6M – $277.8M t-test 
3 FDOT (2004) 
 
DB Florida $220k – $33M Descriptive 
statistics 
4 Warne (2005) DB USA $83M – $1.3B Descriptive 
statistics 
5 AECOM (2006) 
 
DBB 
DB 
USA <$20M Descriptive 
statistics 
6 Shrestha (2007) DBB 
DB 
Texas >$100M Descriptive 
statistics 
7 Shrestha et al. 
(2007) 
DBB 
DB 
USA $50M – $1.4B F-test 
8 Migliaccio et al. 
(2010) 
DB Florida 
(124/146) 
$150k – $1.84B Regression 
analysis 
9 Touran et al. 
(2011) 
DBB 
DB 
CMAR 
UT, NJ, 
CO, MA, 
OR 
$89.4M – $940M Descriptive 
statistics 
10 Shrestha et al. 
(2012) 
DBB 
DB 
Texas $54M – $2.05B t-test 
11 Minchin et al. 
(2013) 
DBB 
DB 
Florida >$7M t-test,  
MWW test 
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12 Shakya (2013) DB 
CM/GC 
USA $2.3M – $358.7M One-way 
ANOVA 
13 Bingham (2014) DBB 
DB 
CMAR 
USA $1M – $900M ANOVA 
 
Ellis et al. (1991) evaluated FDOT’s DB pilot program by benchmarking cost and 
schedule change from 11 DB projects with costs ranging from $446K – $12M. Average 
DB cost change was found to be negative 1.99 percent while average schedule change 
was found to be 5.14 percent. Statistical comparisons were made between the cost and 
time to complete these DB projects versus predictions of what the projects would have 
cost and time taken under a DBB delivery model. These cost and time values under this 
DBB model were predicted based on standard cost and time values according to FDOT; 
however the authors did not elaborate further on how these values were calculated. 
Statistical analysis was completed utilizing the t-Test. Significant differences were found 
for schedule comparisons at the 95 percent confidence limit; however, insignificant 
differences were found for cost. It should be noted that DB performance outcomes were 
not statistically compared to actual DBB performance. Overall, this study represented the 
first true benchmarking effort of DB transportation projects for FDOT. 
 Gransberg et al. (2000) studied 21 DBB and 11 DB projects completed by the 
Florida Department of Transportation with individual project cost all below $10M. DBB 
cost change was 10.64 percent while DB was negative 1.99 percent. DBB schedule 
change was 33.5 percent while DB was 5.14 percent. The main finding indicated that 
alternative methods (DB) have the strong potential to improve project delivery time over 
DBB; however, Gransberg et al. indicated that DB will typically cost the same as DBB, 
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but DB will tend to deliver projects in a much more expeditious manner. Moreover, the 
authors indicated that statistical analysis was performed (methods not indicated), but only 
descriptive statistics were reported in the study. Subsequently, while this study 
documented important performance outcomes for DB transportation projects, the 11 DB 
projects included in this study’s database came directly from Ellis et al. (1991). 
Therefore, in-order to not double count data, this study is excluded from the meta-
analysis. 
 Allen (2001) studied 17 DBB and four DB horizontal military construction 
projects at the Naval Postgraduate School in Monterey, California. Project cost ranged 
from $4.6M – $277.8M. The author characterized several project performance metrics 
including cost and schedule change. DBB cost change was 24.6 percent, while DB was 
4.2 percent. DBB schedule change was 58 percent, while DB was negative three percent, 
meaning an average DB project was completed on-time or earlier. The author concluded 
that cost and schedule overruns were adequately controlled through the DB delivery 
method; however, no statistical analysis on comparing the cost or schedule data was 
performed. Therefore, even though the results of this study show superior performance, 
no statistically significant relationships between the differences in performance of the 
delivery systems was realized. 
 In 2004 the Florida Department of Transportation (FDOT) reported on the cost 
and schedule efficacy of its DB delivery program and evaluated 33 DB projects 
completed between the years of 1996 and 2003. Project cost ranged from $220K – $33M. 
The main finding indicated average cost change was six percent and average schedule 
change was 18 percent. The report indicated that while 25 of the 33 (75 percent) projects 
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had a cost change of under five percent only 11 of 33 (33 percent) projects were delivered 
on-time or earlier. Finally, the authors indicated that no statistical analysis was conducted 
due to data from similar DBB projects not being available at the time (FDOT 2004). 
 Warne (2005) performed extensive research studying 21 DB highway projects 
from all over the U.S. with project costs ranging from $83 million to $1.3 billion. DB 
cost change was found to be four percent while schedule change was negative 11 percent, 
meaning the average project was delivered on-time or earlier. Additionally, project 
managers were interviewed and asked how long the project would have taken under 
DBB. These answers were professional estimates and no direct statistical comparisons 
were made between actual schedule performance outcomes under DB and the estimated 
duration under DBB. 
 AECOM consultants (2006) along with Science Application International 
Corporation and the University of Colorado Boulder prepared a research report for the 
Federal Highway Administration (FHWA) studying the effectiveness the Special 
Experimental Project No. 14 (SEP-14) program. The SEP-14 program was launched in 
1990 by the FHWA in order to encourage state entities to engage in alternative forms of 
project delivery for delivery transportation project. Data was obtained for 11 pairs of 
DBB and DB projects all with project cost under $20M. Results showed DB average cost 
change was 7.2 percent while DB average schedule change was negative 4.2 percent, 
indicating that the average DB project was delivered on-time or earlier. DBB average 
cost change was 3.6 percent while, average schedule change was 4.8 percent. 
Overarching conclusions showed DB was superior in controlling schedule escalations; 
however, average cost change of DB was approximately three percent higher over DBB. 
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The final report produced by the FHWA presents only a comparison of descriptive 
statistics and does not perform any statistical analysis on the data. 
 Shrestha (2007) for his dissertation at the University of Texas at Austin 
benchmarked the performance of four pairs of DBB and DB transportation projects in 
Texas with project cost all greater than $100M. Among the metrics studied included cost 
and schedule performance of these projects. Average cost change of DB was found to be 
superior to DBB; however, schedule change of DBB was found to be superior to DB. 
Additionally, due to the small dataset, the author did not perform statistical comparisons 
of the performance data. 
 Shrestha et al. (2007) in a follow-up study quantified cost and schedule 
performance outcomes for 11 DBB and 4 DB highway projects with costs ranging from 
$50 million to $1.4 billion. Average DBB cost change was 4.12 percent while average 
DBB schedule change was 12.88 percent. Average DB cost change was 5.47%, while 
average DB schedule change was 7.59 percent. Statistical analysis was performed 
utilizing the F-test. Statistically significant differences were found for the cost change 
metric of DB versus DBB in that DB was performing significantly better than the 
comparable DBB projects; however, no statistical relationships were realized for 
schedule change. Overall, this research presented the first benchmarking effort of large 
DBB and DB highway projects with project cost of greater than $50M. 
 Migliaccio et al. (2010) conducted a research study of 146 DB transportation 
projects from sixteen different states with project cost ranging from $150K – $1.84B. 
Performance metrics included cost change, schedule change, and procurement duration. It 
must be noted that 123 of 146 projects in this study came from FDOT. The main finding 
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indicated that there is a direct correlation between procurement duration and schedule 
change in that longer the procurement duration directly leads to lower schedule change 
on this subset of projects. Secondary findings, which are of interest to this paper, found 
cost and schedule change for DB projects to be 0.4 percent and 13 percent, respectively. 
Overall, this study represented a large benchmarking effort for DB transportation projects 
and documented a direct linear correlation between procurement time and schedule 
change. 
 Touran et al. (2011) studied decision making factors of transportation authorities 
in Colorado, Massachusetts, New Jersey, Oregon and Utah when choosing a project 
delivery method for commuter rail projects. Secondary results included quantifying cost 
and schedule performance, which are of interest to this paper. For the six DB projects 
average cost change was 4.98 percent while average schedule change was -4.15 percent. 
The authors concluded that DB effectively controlled project schedule, while being 
slightly over cost for these commuter rail projects. 
 Shakya (2013) for her Master’s thesis at University of Las Vegas studied 
performance outcomes of 55 DB and 34 CM/GC projects. Performance metrics included 
cost change, change order cost-factors and construction intensity. For the DB projects 
average cost change was -3.65 percent while average schedule change was not reported. 
Statistical analysis was completed using a one-way analysis of the variance (ANOVA). 
Statistically significant differences in cost change were found, but not for the other 
metrics. Overall, this study represented an extensive benchmarking effort for DB and 
CM/GC highway projects which had not been completed before. 
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 Minchin et al. (2013) studied 30 DBB and 21 DB transportation projects from 
FDOT’s project database. These projects were selected randomly, completed between 
2002 and 2010 and all have project cost of greater than $7 million. DBB had an average 
cost change of 20.42 percent and an average schedule change of 23 percent; while DB 
had an average cost change of 45.2 percent and average schedule change of 20.2 percent. 
The authors conducted MWW statistical tests and found there were significant 
differences between cost performances for the two delivery systems in that DBB was 
performing better than DB; however, no significant differences were found for schedule 
change. In the conclusions, the authors briefly speculated on the extreme cost variations 
associated with the DB projects in the database. A direct quote from the paper states, 
“Perhaps since the introduction of DB, those performing DBB projects [presumably 
FDOT, since the authors are analyzing data from them] have learned how to do things 
better by observing or participating in DB projects.” The authors concluded in general 
terms DBB seemed to be performing the same or superiorly to DB and that future work 
should be conducted on a larger data set of projects.  
 Finally, Bingham (2014) conducted a research study for his dissertation at 
Arizona State University, quantifying cost and schedule performance for 40 DBB, 21 DB 
and 18 construction manager at risk (CMAR) projects. For the DB projects, average cost 
change was -5.37%, which indicates, on average, these projects were completed under 
budget. Average schedule change was 20.24%, which indicates, that on average, the DB 
projects in this study where completed late. Statistical analysis was completed utilizing 
analysis of the variance between the three projects delivery systems for cost and schedule 
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change. Overall, no statistically significant differences were found for cost and schedule 
between the three delivery systems. 
 Overall, representative literature quantifying the cost performance of DB on 
transportation projects seemed to be aligned, save for Minchin et al. (2013), and ranges 
from negative 5.47 percent to 7.8 percent with the only extreme outlier being 45.2 
percent from the Minchin et al. (2013) study. Representative literature quantifying 
schedule performance seems to be scattered. From the studies cited, DB schedule change 
was anywhere from negative 11 percent to 20.5 percent. A couple of general observations 
are prevalent from the research. First, all 12 studies consider cost change, while 11 
measure schedule change. Second, four studies consider projects with a maximum project 
cost of $1 billion or more. Finally, statistical analyses are performed in eight of the 12 
studies; however, as indicated by the literature review, the significance of these statistical 
comparisons seems to be mixed. Moreover, in the studies where statistical analysis is 
performed, inconclusive results are most often reported due to small sample sizes, lack of 
data from comparable projects or simply not performing the analyses. 
The meta-analysis in this section will be used a baseline for comparison with the 
collected DB data in-terms of the cost change and schedule change values for DB 
projects. This baseline of the last two decades of performance research in this area should 
allow for an adequate comparison of the collected DB data. The analysis that will be 
conducted involves statistically comparing the literature findings to the data through the 
MWW test. Additionally, documented reasons for cost change and schedule change will 
also be discussed. The next section of this study reports on the data collection methods 
and data characteristics for the DB projects in this research. 
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2.5 DB Project Data Collection and Characteristics 
This section presents the data collection methodology and characteristics of the projects 
collected for this study. The DB projects selected for this study were taken from a listing 
that was included in the September 2014 issue of Public Works Financing. That listing 
included 147 projects reflecting transit and highway efforts from across the U.S. and 
Canada. Specifically, 75 of these projects were DB and completed in the U.S. At the time 
of this writing 59 projects were completed with 16 of these projects on-going and under 
construction. An overview of the project breakdown can be seen in Figure 5. Secondary 
data sources included Public Works Financing national projects database, and the Federal 
Highway Administration (FHWA) website for innovative project delivery. Overall, cost 
and schedule data was collected for 47 DB projects completed between 1996 and 2015 
with project costs ranging from $32 million – $2 billion, with an average project cost of 
$579.5 million (indexed in 2014 dollars). 
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Figure 5: Overview of Projects 
2.5.1 Data Verification 
In order to verify the data collected on the various DB projects, structured interviews 
with project constituents were setup through phone conversations and email 
communications. Project constituents consisted of facility managers, chief executive 
officers (CEO), chief financial officers (CFO), public information officers (PIO), contract 
engineers, project managers, operations directors, and legal representatives. During each 
interview, project constituents were asked to verify cost and schedule information 
obtained from Public Works Financing and FHWA’s website. Constituents were asked to 
verify the same four pieces of project information shown in Table 3. 
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Table 3: Project Data 
Data Attribute Definition 
Contract Award Value (CAV) The contract award is the value of the capital 
expenditure stipulated in the contract at financial 
close. (Chasey et al. 2012) 
 
Final Contract Value (FCV) The final contract value is the cumulative value of all 
payments made by the sponsor to the developer for 
the construction of the project. (Chasey et al. 2012) 
 
Awarded Contracted Duration 
(ACD) 
The awarded contract duration is the time allotted in 
the contract for the construction of the project. 
(Chasey et al. 2012) 
 
Final Duration (FCD) The final contract duration is the actual time of the 
construction to the point of availability of use of the 
project. (Chasey et al. 2012) 
2.5.2 Data Characteristics 
Different project characteristics were investigated for the 47 projects. These include the 
geographical location, type of transportation infrastructure, project size, and delivery 
time. Figure 6 shows the geographical location of the projects, along with the number of 
projects from each state. Project data was received from California, Colorado, Florida, 
Minnesota, Missouri, North Carolina, New Mexico, Nevada, Ohio, Oregon, Rhode 
Island, South Carolina, Texas, Utah, Virginia, Washington, and Washington, D.C. 
Transportation agency types included state DOTs, transportation authorities, public 
metropolitan transit authorities and public transportation construction authorities. 
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Figure 6: Geographical Location of Projects (N=47) 
To complement the geographical distribution of projects, Figure 7 shows the 
distribution by transportation project type. Twenty-four of the 47 projects are roadways, 
rail, or bridge projects. One of the roadway projects has a bridge section and four of the 
nine rail projects are light rail. Twenty-three are highway projects, with three of these 
projects having a bridge section. 
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Figure 7: Transportation Project Types (N=47) 
Now that the project distribution by location and type has been discussed, Figure 
8 shows the project size by illustrating the range of project costs in billions of 2014 
dollars. The figure shows a total of 11 projects ranged from $0 to $0.2 billion, while 16 
projects range from $0.2 – 0.4 billion. Five projects range from $0.4 – 0.6 billion, while 
eight projects ranged from $0.6 – 0.8 billion. The remaining seven projects ranged from 
$0.8 – 2 billion. Additionally, Figure 9 shows the ranges of actual delivery times in 
months for these projects. Two projects were constructed relatively quickly taking less 
than one year to complete. One project was the smallest project in the dataset costing $32 
million; while the other was constructed in 10 months and cost $263 million. Two 
projects took between one and two years to complete, each costing $172 million and 
Bridge, 10 
Highway, 23 
Motorway, 5 
Rail, 9 
Transportation Project Types 
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$309 million, respectively. Eleven projects took between two and three years, while 17 
projects took between three and four years. Six projects took between four and five years, 
while eight projects took between five and six years to complete. The final two projects 
took more than six years to complete. The construction durations presented here are 
typical for transportation projects citing the U.S. General Accounting Office (GAO) 
showed that typical construction duration for highway transportation projects can take 
anywhere from 2 – 6 years (GAO 2002). Overall, most projects contained within the 
database are large, technically complex transportation projects. A full list of the projects 
can be seen in seen in Table 4. 
 
Figure 8: Range of Final Project Costs (N=47) 
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Figure 9: Range of Actual Delivery Times (N=47) 
Table 4: List of Projects 
Project Name 
Anacostia River Bridge 
Phase 1 and 2 
Foothills Eastern 
Toll Road 
I-5 Everett HOV 
Lanes 
South Corridor 
Project, Portland 
Mall Rail 
Replacement 
BART SFO, Airport 
Rail Extension 
H3-140 Repair of 
SR8 
I-64 Reconstruction South Corridor 
Project, I-205 Green 
Line LRT Extension 
Blue Line Extension Hathaway Bridge I-77 Rehabilitation SR-22 HOV 
Improvements 
Carolina Bays Parkway Hiawatha Light Rail I-90 Innerbelt Bridge Tacoma Narrows 
Bridge Toll Facility 
Conway Bypass 
Highway 
Highway 212 I-way Relocation 
Project 
T-Rex I-25 
Road/Rail 
Cooper River Bridge 
Replacement 
I-15 Corridor 
Expansion 
Jamestown Corridor US 70 
Dallas-Fort Worth 
Connector 
I-15 Corridor 
Reconstruction 
LA Exposition Light 
Rail Phase 1 
US 17 Washington 
Bypass 
Dulles Metrorail Silver 
Line Phase 1 
I-15 New Ogden 
Weber Expansion 
Reno ReTRAC US 36 Phase 1 
Escambia Bay Bridges I-15 North Corridor Route 28 Upgrade US 52 
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Phase 1 and 2 Reconstruction 
E-470 Tolled Beltway 
Seg. 2&3 
I-35W St. Anthony 
Falls Bridge 
Safe and Sound 
Bridge Replacement 
US 64 Knightsdale 
Bypass 
E-470 Tolled Beltway 
Seg. 4 
I-4 Bridge Over St. 
John’s River 
San Joaquin Hills 
Transportation 
Corridor 
Western Wake 
Freeway 
Eastside Light Rail 
Phase 1 
I-494 
Reconstruction 
SH 130 Segments 1-4  
2.6 Quantifying Performance 
This section presents the data analysis techniques for this study. First, the performance 
metrics of cost change and schedule change are detailed to show how the authors 
calculated these values from the data collected in Table 3. Next, the statistical methods 
used to conduct the analysis are discussed followed by results. 
 Cost change is most commonly defined as the percent change from the  contract 
award value (CAV) to the final contract value (FCV) at project completion. The CAV is 
the value of the capital expenditure stipulated in the contract at financial close. The FCV 
is the cumulative value of all payments made by the sponsor to the developer for the 
construction of the project. Both of these cost values were indexed to the year 2014 using 
the Bureau of Labor statistics Consumer Price Index (Bureau of Labor Statistics 2015). 
Equation 1 indicates how cost change was calculated for all projects in the dataset. 
( )*100
(%)
FCV CAV
Cost Change
CAV

              (1) 
Table 5 shows the descriptive statistics of the projects in the dataset. DB projects 
have a mean cost of $575.1 million, while median project cost was $334.9 million. 
Similarly for actual project cost, DB projects had a mean cost of $629.4 million, while 
exhibiting an actual median cost of $387.9 million. For cost change, DB projects 
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experienced a mean cost change of 9.03 percent, while median cost change was 4.5 
percent. 
Schedule change is most commonly defined as the percent change from awarded 
contract duration (ACD) to final contract duration (FCD) of a project. The ACD is the 
time allotted in the contract for the construction of the project. The FCD is the actual time 
of the construction to the point of availability of use of the project. Equation 2 below 
displays how schedule change was calculated for all projects included in the dataset. 
( )*100
(%)
FCD ACD
ScheduleChange
ACD

             (2) 
 DB projects in the dataset have mean estimated contract duration at 1,365 days, 
while the median estimated duration was 1,140 days. For final contract duration, DB has 
mean final contract duration at 1,351 days, while median final duration was 1,239 days. 
For schedule change, DB has mean schedule change of -0.63 percent, with median 
schedule change of zero. This median finding is interesting because it shows that a 
majority of the projects in this dataset were delivered on time or earlier. In fact 41 of 47 
(87.2%) projects were delivered on time or earlier. 
Table 5: Descriptive Statistics 
Data 
Attribute 
Estimated 
Project 
Cost 
($ billions) 
Actual 
Project 
Cost 
($ billions) 
Cost 
Change 
(%) 
Estimated 
Duration 
(Days) 
Final 
Duration 
(Days) 
Schedule 
Change  
(%) 
Mean 579 634 8.98 1365 1351 -0.64 
Median 322 369 4.14 1140 1187 0.00 
SD 510 579 11 679 664 11 
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2.6.1 Statistical Analysis 
Statistical analysis was performed using inferential and univariate methods. In order to 
determine which statistical tests provide the most accurate statistical validation the 
Anderson-Darling was performed in order to determine if the dataset is normally 
distributed. The assumption of a normal distribution is important in statistics due to the 
central limit theorem as this states that averages drawn from random variables will 
converge on being normal and any deviation from a normal distribution can indicate the 
numbers are not random (Lehmann and Romano 2008). Finally, the Mann-Whitney-
Wilcoxon (MWW) test was utilized to determine if the observed differences in cost and 
schedule performance are statistically significant. Among tests based on ranks, the 
MWW test is the most widely used because it is known to be extremely robust against 
non-normality and to have asymptotic power of at least 86 percent of that of the t-test 
over all numerical distributions (Lehmann and Romano 2008). The MWW test results in 
a p-value that is compared to the common threshold for statistical significance of 0.05. A 
p-value smaller than 0.05 indicates the observed differences between the two samples are 
significant. 
 First, Table 6 presents the results from the Anderson-Darling test for normality. 
Numbers contained within the table are the p-values from the test. A p-value less than 
0.05 indicate statistical significance in that the data is not normally distributed. Notice 
from Table 6 that only schedule change values collected from the DB literature results are 
normally distributed. The cost change values for DB literature and collected DB data plus 
the schedule change values for collected DB data are not normally distributed. The results 
from the Anderson-Darling test are expected as the data collected for this study is not a 
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random sample and the projects were targeted specifically from Public Works Financing 
as discussed earlier.  Due to three of the four data sets not being normally distributed, the 
MWW test was exclusively used to test the differences between the DB literature and 
collected DB data for cost and schedule performance. 
Table 6: Anderson-Darling Test Results 
Data Set Cost Change  
p-value 
Schedule Change  
p-value 
DB Literature (N=12) <0.005* 0.459 
DB Collected (N=47) <0.005* <0.005* 
*Indicates statistical significance when p-value <0.05 
2.7 Results: Comparing DB Literature to the Collected DB Data 
The main research contribution of this study is comparing the results of the meta-analysis 
of DB literature with the collected DB cost and schedule performance data for 
transportation projects nationally. This section presents a statistical comparison of cost 
and schedule change between the literature results and the 47 DB projects in the dataset 
to draw inferences from this analysis. Moreover, for the projects that experienced 
extreme cost or schedule change, the paper will elaborate on the reasons why these 
projects experienced such unexpected performance. 
Figure 10 shows the cost change results of the DB literature and is complemented 
by Table 7, which shows the total number of projects, the mean, mild and extreme outlier 
limits and the number of mild and extreme outliers, respectively. For the DB literature, 
there was only one extreme outlier for cost change, which was identified as the Minchin 
et al. (2013) study. For the other 12 studies, no outliers in cost change were prevalent. 
Once the Minchin et al. (2013) study was removed the mean cost change was reduced 
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from 4.98 percent to 2.75 percent. For the collected DB data, there were four mild 
outliers and one extreme outlier. Once theses outliers were removed mean cost change 
was reduced from 8.98 percent to 6.26 percent. Overall, while average cost change for the 
collected DB data is approximately three percent higher than the DB literature, the 
MWW test resulted in a p-value of 0.197, which indicates there are no significant 
differences in the median values between the DB literature and the collected DB data. 
This outcome is good, because it shows that the collected DB data is performing the same 
as the last two decades of published DB performance literature. 
 
Figure 10: DB Literature Cost Changes (N=13) 
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Table 7: Cost Change of DB Literature versus DB Collected Data 
 DB Literature DB Collected 
Number of Studies 13 N.A. 
Total Number of Projects 343 47 
Mean 4.98% 8.98% 
Median 4.00% 4.49% 
Upper mild outlier limit 17.99% 26.67% 
Lower mild outlier limit -13.98% -12.93% 
Number of mild outliers 0 4 
Upper extreme outlier limit 29.97% 41.51% 
Lower extreme outlier limit -25.96% -27.78% 
Number of extreme outliers 1 1 
Number of Projects (excluding 
outliers) 
322 42 
Mean (excluding outliers) 1.63% 6.26% 
Median (excluding outliers) 2.75% 3.81% 
*N.A. = Not Applicable 
The final step in the cost change comparison of the DB data was to document and outline 
why cost changes happened on the projects deemed to be statistical outliers. Based on the 
information in Table 7 there were five outliers in the data.  
 
Table 8 documents the reasons for the extreme cost change associated with these projects. 
Overall, owner initiated cost change was experienced on three of the five projects citing 
scope additions after the award of the contract. One project had unforeseen conditions 
associated with cost change, while the final project had a combination of owner and 
contractor initiated cost change associated with scope additions and construction cost 
increases. 
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Table 8: Documented Reasons for Cost Change 
Project Name Reason for Cost Change 
BART SFO Airport Light Rail Extension 
Project 
Owner initiated cost change: Owner 
requested changes during the contract 
period 
 
U.S. 70 Unforeseen conditions: Cost change 
associated with weather delays and stop 
work notices for archaeological dig sites 
 
H3-140 Emergency Repair of SR8 (I-10) Owner initiated cost change: Cost 
change associated with incentive 
payments for early completion 
 
LA Exposition Lt. Rail Phase 1 Owner initiated cost change: Scope 
creep, 2 at-grade stations, 1 aerial 
station, operational and safety 
enhancements 
 
Contractor initiated cost change: 
construction cost increases associated 
with labor, steel, concrete and gasoline 
costs. 
 
Anacostia River Bridge, 11
th
 Street Phase 1 Owner initiated cost change: Significant 
scope additions to the original contract 
after award. 
 
Next, Figure 11 shows the schedule change results of the DB literature and is 
complemented by Table 9, which shows the total number of projects, the mean and 
median for the studies that reported schedule changes. For the DB literature there were no 
outliers in the schedule change data based on the calculated limits. For the collected DB 
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data 30 of 47 projects experienced no schedule change, therefore since the median 
schedule change of these projects is zero, the outlier limits could not be calculated. 
Moreover, the MWW test resulted in a p-value of 0.094, which indicates that there are no 
differences in the median of the schedule change for DB literature versus the collected 
DB data. Based on the available literature this pattern is not unexpected. For the studies 
that do perform statistical comparisons of schedule change on comparable samples (Ellis 
et al. 1991; Shrestha et al. 2007; Shrestha et al. 2012; Minchin et al. 2013; and Bingham 
2014); four of five of these studies report no significant differences between the DBB and 
DB projects in their respective studies. Overall, it seems that while quantifying schedule 
changes is easy, elucidating statistically significant results is not. Therefore the final step 
in this comparison of DB literature versus collected DB data is to document and outline 
why schedule change is happening on these projects. From the collected data, 10 of the 
17 projects that experienced schedule change reported reasons for the project being 
completed early or late. 
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Figure 11: DB Literature Schedule Changes (N=12) 
Table 9: Schedule Change of DB Literature versus DB Collected Data 
 DB Literature DB Collected 
Number of Studies 12 N.A. 
Total Number of Projects 288 47 
Mean 7.14% -0.64% 
Median 7.65% 0.00% 
*N.A. = Not Applicable 
Table 10 showcases 10 of the 17 projects that reported reasons for schedule change. For 
the seven projects that were completed early, aggressive construction schedules allowed 
these projects to be completed well within the contracted delivery time. The most notable 
of these are the I-35W St. Anthony Falls Bridge Replacement, the Safe and Sound Bridge 
Replacement, and the T-Rex I-25 Road/Rail projects. For the two projects that were 
completed late, schedule change was associated with unforeseen conditions due to 
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weather delays and stop work notices for archaeological dig sites. For the other project 
schedule change was associated with verification of bridge sections and re-works that 
needed to be re-done to meet prescriptive performance requirements. Overall, these 
documented reasons for cost and schedule change add a new dimension to the analysis of 
these projects, instead of simply reporting descriptive statistics of the data. 
Table 10: Documented Reasons for Schedule Change 
Project Name Reasons for Schedule Change 
I-35W St. Anthony Falls Bridge 
Replacement 
Provisions were set in place for 16 hour 
construction shifts with two rotating crews 
working 8 hours each. As many as 400 
workers during the day and 200 at night. 
Recall that this was the bridge collapse in 
Minnesota that linked the two sides of 
Minneapolis across the Mississippi River 
and was the second busiest bridge in 
Minnesota at the time. Restoring normal 
traffic operations was paramount for the 
city. 
 
Safe and Sound Bridge Replacement Selected contractor was able to complete 
the project 1 year ahead of schedule. 
 
T-Rex I-25 Road/Rail Project opened 21 months ahead of 
schedule 
 
Reno ReTRAC Project opened 9 months ahead of 
schedule 
 
SR 22 HOV Lane Improvements Aggressive construction schedule resulted 
in the project opening 5 months ahead of 
schedule 
 
I-494 Reconstruction Project was completed approximately 2 
months ahead of schedule 
 
Jamestown Corridor (Route 199) Project complete 71 days ahead of 
46 
 
schedule 
 
I-5 Everett HOV Lanes 62 working days added to the contract to 
complete extra bridge work 
 
U.S. 70 Schedule change also associated with 
weather delays and stop work notices for 
archaeological dig sites 
 
Hathaway Bridge Substantial schedule change associated 
with final contract acceptance. FDOT 
needed to verify bridge sections and re-
works needed to be redone to meet 
prescriptive performance standards from 
FDOT. 
 
2.8 Conclusions 
This research provides a comprehensive meta-analysis of the last two decades of DB 
performance literature focused on transportation projects, and compares performance 
outcomes in terms of cost and schedule change with newly collected DB data. 
Additionally, for the projects that experienced extreme cost or schedule variations, the 
reasons for these performance deviations are discussed. Three substantial conclusions 
from the analysis are as follows: 
1. For cost and schedule comparisons between the DB literature and the collected 
DB data, no significant differences were found. This is an excellent finding that 
shows the last two decades of DB performance data is aligned with the new data 
that was collected for this study. Additionally, this outcome shows that the DB 
delivery method is performing well across a multitude of locations, project types, 
and project sizes (dollar amount). 
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2. With respect to the documented reasons why cost change happened, the most 
prevalent were owner initiated cost changes. This is an interesting outcome and 
could be cause for further analysis and future studies. 
3. With respect to documented reasons why schedule change happened: (a) the most 
prevalent reasons for projects completed early were aggressive construction 
schedules; and (b) reasons for the projects that were completed late were schedule 
delays unique to the project itself, such as weather delays, additional scope, or 
reconstruction of certain elements of the project. 
Thirty of the 47 projects used for this study were completed after 2005 and mostly 
represent (to the author’s best knowledge) performance outcomes not published in 
scholarly articles. Additionally, DB data was collected from all over the U.S. so the 
results should be generalizable to a wider audience of DB transportation projects. 
Owners, transportation agencies, and DB firms can use the results of this research to 
better align their expectations with typical cost and schedule performance outcomes.  
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3. COST AND SCHEDULE PERFORMANCE OF PUBLIC-PRIVATE 
PARTNERSHIP (PPP) PROJECTS IN THE U.S. TRANSPORTATION 
SECTOR 
3.1 Abstract 
Since the early 1990’s the number of public-private partnership (PPP or P3) projects in 
the U.S. transportation sector has consistently increased. The U.S. Department of 
Transportation (USDOT) Federal Highway Administration (FHWA) defines PPP as “a 
contractual agreement between public and private sector partners, which allows more 
private sector participation than is traditional.” There is an abundance of literature on 
PPP in the transportation sector; it spans many different areas of research including 
economic finance, governance and policymaking. However, research quantifying the 
project performance of PPP transportation infrastructure in the U.S. is lacking. This paper 
aims to quantify the cost and schedule performance associated with two major PPP 
delivery methods: design-build-finance (DBF) and design-build-finance-operate-maintain 
(DBFOM). The authors collected and verified data through professional datasets, publicly 
available information, and structured interviews with key project constituents. The paper 
presents results stemming from 81 transportation projects completed between 1995 and 
2015, totaling approximately $44.6 billion in infrastructure development expenditures. 
Results from the analysis show PPP projects exhibit an average cost change of 3.04 
percent and an average schedule change of 1.38 percent. Overall, this paper fills a crucial 
gap in the body of knowledge on PPP project performance by presenting a quantitative 
analysis of cost and schedule performance in the U.S. transportation sector. 
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3.2 Introduction – Current State of U.S. Transportation Infrastructure 
Transportation infrastructure affects nearly every aspect of the nation’s economy and as 
such is a key element in advancing the economic competitiveness of regions and the U.S. 
as a whole (Winston 2013). However, the Great Recession of 2008 has had far reaching 
effects on the nation’s transportation network, inciting large funding deficits and 
budgetary cuts at both state and federal government levels (Center on Budget Policy and 
Priorities 2012; Jonas 2012). As a result, transportation procurement decisions are 
becoming increasingly difficult as financial needs continue to overwhelm available 
resources (Rall et al. 2010, 2015). The Economic Development Research (EDR) Group in 
association with the American Society of Civil Engineers (ASCE) documented funding 
shortfalls for highways and surface transportation spending. The EDR Group indicated by 
2020 (in 2010 dollars) highways will have a funding shortfall of $756 billion and surface 
transportation, which includes roads, bridges and rail, of $90 billion (EDR Group 2011). 
In light of these extensive budgetary and funding deficits, controlling cost escalations and 
schedule delays during the delivery of transportation infrastructure is critically more 
important than ever before. 
 One such alternative project delivery method (APDM) that has shown promise at 
controlling cost and schedule overruns versus traditionally procured projects in 
transportation markets such as the United Kingdom (UK) and Australia are public-
private-partnerships (PPP) [NAO 2009; Bain 2010; IPA 2012]. However, due to the 
breadth and depth of PPP options in the global market, research on the subject of PPP has 
become highly fragmented across several disciplines, including economic finance, 
governance and policymaking (Reinhardt 2011). In order to address the lack of research 
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in the PPP industry Public Works Financing (PWF) sponsored a roundtable discussion at 
the Transportation Research Board (TRB) 2014 annual meeting. Among the topics, 
participants discussed academia’s role in the future of PPP research. They concluded that, 
in order for academic research to add value to the industry as a whole, the findings must 
present data that can be used to answer two fundamental questions: (1) why and (2) how 
benefits (cost, schedule, quality, innovation, etc.) are created through private participation 
(PWF 2014). 
Therefore, in order to answer the need for new and relevant academic research 
regarding PPP transportation projects, this paper presents a comprehensive analysis and 
critical discussion of PPP infrastructure using commonly cited cost and schedule 
performance metrics. First, the paper presents a thorough literature review of current 
research regarding the cost and schedule performance of PPP and other alternative 
delivery methods, primarily design-build (DB). Second, definitions of PPP, which 
include design-build-finance (DBF), and design-build-finance-operate-maintain 
(DBFOM) are presented in order to give a better understanding of the PPP methods 
chosen for this paper. In addition, two non-PPP methods which include design-build 
(DB) and design-build-operate-maintain (DBOM) are also discussed and forms the 
baseline for comparison. These definitions are followed by specific gaps in knowledge 
regarding the lack of PPP performance research in the U.S. and objectives on how to 
address this lack of research. Subsequently, analysis regarding cost and schedule 
performance, along with descriptive and comparative statistical tests is conducted 
utilizing univariate methods. Finally, discussion of the findings and comparison with U.S 
and international literature is presented; followed by conclusions. 
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3.3 Literature Review 
The first step of this study involved a comprehensive literature review regarding the 
current state of PPP project performance. Studies identified from the available literature 
include the performance of PPP projects in the U.S. and international markets, and the 
performance of non-PPP counterparts. Subsequently, standardized definitions the PPP 
and non-PPP methods are presented in order to determine which projects are considered 
for this study. 
3.3.1 Literature on PPP Project Performance 
Representative literature from U.S. and international infrastructure sectors on the 
performance of PPP is summarized in this section. Table 11 presents the main cost and 
schedule performance findings and then each study is outlined and discussed. 
Table 11: PPP Project Performance 
Region Research Study Industry 
Sector 
Cost 
Performance 
Metric 
Schedule 
Performance  
Metric 
U.S. 
AECOM/DMJM (2007) 
N=8 
Transport 5 of 8 on-
budget 
5 of 8 on-time 
Chasey et al. (2012) 
N=12 
Transport 0.81% cost 
change 
-0.3% schedule 
change 
Ramsey and El Asmar 
(2015) N=25 
Transport 
3.22% cost 
change 
1.2% schedule 
change 
Int’l 
Treasury Taskforce 
(2000) N=21 
Mixed 17% cost 
savings 
N.A.* 
Mott MacDonald (2002) 
N=11 
Mixed 50% cost 
savings 
N.A.* 
NAO UK (2003) N=37 
Mixed 29 of 37 on-
budget 
28 of 37 on-
time 
Allen Consulting Group 
(2007) N=21 
Mixed 1.2% Cost 
Change 
-3.4% 
Schedule 
Change 
NAO UK (2009) N=114 Mixed 78 of 114 on- 74 of 114 on-
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budget time 
Bain (2010) Mixed 
13% Cost 
Change 
N.A.* 
Garvin et al. (2011) N=8 Transport 
Performance 
not met 
Performance 
not met 
*N.A. = Not Available  
3.3.1.1 U.S. PPP Performance Research 
AECOM/DMJM Harris (2007) conducted research for the United States Department of 
Transportation (USDOT) Federal Highway Administration (FHWA) regarding several 
project performance characteristics of eight completed and three ongoing PPP projects in 
the U.S. Case study assessments were conducted for each project measuring cost and 
schedule performance as well as various procurement characteristics. Five of eight (62 
percent) completed projects were delivered within budget and schedule constraints. For 
the other three, one project experienced -4 percent cost change and -42 percent schedule 
change (meaning the project was delivered under budget and ahead of the estimated 
time), while another experienced substantial schedule change (+81 percent) while still 
being delivered within budget. The final project experienced a 12-year delay in project 
completion due to community lobbying over environmental concerns, protracted 
contractor negotiations and several lawsuits. This project also experienced substantial 
cost change due to the massively delayed schedule. The main finding indicated PPP 
project performance is favorable over traditional delivery methods; however, the sample 
of projects was too small to be of any statistical significance when compared with 
traditional design-bid-build (DBB) methods. 
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Chasey et al. (2012) reported on the project performance of 12 PPP DBFOM 
transportation projects in North America, which included two projects in the U.S. and 10 
projects in Canada. The authors discussed cost and schedule change for these projects and 
compared these numbers to previous work on DB and DBB project performance. The 
main finding from the research showed an average 0.81% cost change and -0.30% 
schedule change indicating PPP DBFOM delivery performance was superior to DB and 
DBB delivery performance. However, a limitation from the research indicated no direct 
statistical comparisons were made between PPP and DB or DBB performance research. 
Zhenhua et al. (2015) conducted a meta-analysis of 95 empirical studies that 
adopt actual infrastructure (cost, financial, etc.) data in the global PPP transportation 
market. The authors grouped these 95 studies into five research themes; performance, 
contracts, risk, value-for-money (VFM), and institutional issues. Multinomial logistic 
regression was used to determine relative influence factors of nine different data types on 
each research theme, i.e. which data types hold the most influence on determining what 
type of research is conducted. Of particular interest is the ‘performance’ research theme, 
which was defined as studies that include the efficiency of project delivery, service 
quality, and accountability, pricing levels, and cost benefits. Zhenhua et al. documented 
only nine such studies that focus on ‘performance’ targeting the U.S. market; however, 
identified only one such study that measures cost and schedule performance benchmarks 
of PPP projects, which was Chasey et al. (2012). Two critical points are then apparent 
from this article: First, performance analysis of PPP projects in the U.S. is lacking and 
second access to requisite cost and schedule data is stymied as a result of this lack of 
performance research. 
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In a recently published study (Ramsey and El Asmar 2015) quantified PPP project 
performance and presented results at the TRB 2015 annual meeting in Washington, D.C. 
In the paper, the authors’ study 25 completed PPP projects in the U.S. transportation 
sector and report on cost and schedule performance for these projects. The paper 
presented an initial benchmark of PPP performance and found the projects exhibited an 
average cost change of 3.2 percent and an average schedule change of 1.2 percent, 
highlighting superior project performance when compared to published literature. As a 
result of this initial benchmark, the author’s research efforts focused on increasing the 
number of projects to encompass a large majority of all completed PPP projects in the 
U.S. Increasing the project database was important as this would provide a 
comprehensive PPP performance benchmark and further motivation for the research 
presented in this dissertation. 
3.3.1.2 International PPP Performance Research 
The Treasury Taskforce (2000) conducted a research study for the UK national audit 
office (NAO) studying the cost performance of 21 recently completed PPP projects. The 
main finding indicated that PPP cost performance offered a 17 percent cost savings over 
traditionally procured infrastructure; however, the results of the analysis did not utilize 
any statistical tests due to the small dataset and lack of projects from any one particular 
industry (e.g. transportation, building, social infrastructure, etc.). 
 Mott MacDonald (2002), a consulting group headquartered in the UK, conducted 
a cost performance research study of 39 traditional and 11 PPP projects delivered in the 
UK. The main finding indicated a 50 percent cost savings of PPP over traditional delivery 
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performance; however, once again, statistical analysis of cost performance differences 
was inconclusive due to the small number of PPP projects included in the dataset. 
 Allen consulting group (2007) conducted an extensive research study for 
Infrastructure Partnerships Australia (IPA) regarding project performance for 21 PPP 
versus 33 traditionally procured projects in Australia. The project types in this report 
included social, transportation, information technology and water projects. In the report 
the authors discuss cost and schedule overruns for these projects, and compare results for 
different stages in the procurement cycle. The PPP projects experienced an average cost 
overrun of 1.2 percent versus the 14.8 percent for traditionally procured projects. 
Likewise, PPP projects experienced an average schedule change of -3.4 percent 
(indicated an average PPP project was delivered early); while the average schedule 
overrun for traditionally procured projects was 23.5 percent. The main finding from the 
research is that Australian PPP projects demonstrate superior cost and schedule 
performance as compared to their traditional counterparts. Subsequently, Raisbeck et al. 
(2010) conducted a comprehensive statistical analysis on the publically available cost and 
schedule data from the Allen Consulting Group (2007) study. The main finding indicated 
that the differences in cost performance were statistically favorable for PPP over 
traditionally procured projects; however, schedule performance proved statistically 
insignificant in that PPP was not performing any differently than traditionally procured 
projects. 
 The National Audit Office (NAO) of the United Kingdom (UK) extensively 
studied PPP performance in 2003 and 2009. In the 2009 report the NAO studied 114 
projects and determined 78 projects (69 percent) were delivered on-time, while 74 
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projects (65 percent) came within budgetary constraints. The main finding indicated that 
PPP delivery performance in the UK has improved over the last decade due to agency 
familiarity with PPP methods and standardized contract documents regarding PPP 
delivery processes. However, no direct statistical comparisons were made between the 
performance of PPP and traditionally procured projects in this report. 
Bain (2010) conducted a meta-analysis of 14 international studies regarding 
transportation and building infrastructure PPP projects in Europe. Bain compares the 
construction cost overruns of all 14 studies and reports on the range and variability of the 
results within each. The main finding showed that average PPP cost overrun was 13 
percent, while traditionally procured projects were 25 percent. The article indicates PPP 
as a superior method of project delivery in terms of cost change for European 
infrastructure projects. 
Garvin et al. (2011) provided state-of-the-practice descriptions of domestic and 
international practices for key performance indicators (KPIs) of PPP projects. A case 
study approach was used to document the success of eight PPP transportation projects 
located in Australia, British Columbia, the United Kingdom, and the U.S. An important 
finding from the report is that none of the agencies on the eight projects were able to 
realize performance measurement goals in relation to their specific KPIs. Moreover, the 
alignment of specific KPIs did not match with the agencies’ intended project performance 
goals. Overall the authors suggested that PPP contracting methods, specifically in the 
U.S., should be more standardized than they currently are and that KPIs should evolve 
with the project’s goals and not restrict project outcomes. 
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This subsection concludes with a discussion about the World Bank and how this 
organization is advocating for the use of PPP methods for the financing and delivery of 
construction projects. First, the World Bank is an international financial institution that 
provides loans to developing countries for capital programs with the goal of reducing 
poverty (World Bank 2009). The World Bank has been advocating the use of PPP in 
developing countries as a way of transferring the financial risk from the public sector to 
the private sector (World Bank 2014). In this report, the World Bank identifies several 
instances of how PPPs can help overcome the pervasive challenges that plague 
infrastructure spending. First, PPPs can help by providing additional sources of financing 
to increase available resources. Second, PPP can provide private sector analysis and 
innovation to enhance the project planning and project selection process. Third, the 
private sector brings experience and incentives to increase otherwise ineffective or 
inefficient delivery of construction projects. Finally, the private sector can provide long 
term investment for the operations and maintenance of these facilities. These are the four 
main reasons for which the World Bank advocates PPP delivery. 
Overall, representative literature from the U.S. and international infrastructure 
sectors on PPP project performance seems to indicate superior performance to non-PPP 
counterparts; however, a majority of these studies only include a limited number of 
projects, ranging from two to 37 projects. The most comprehensive studies include NAO 
(2009) and Bain (2010) with explicit lack of studies in the U.S. transportation industry. 
Moreover, six of the nine cited international performance studies focus on mixing 
industry sectors with only one of the studies (Garvin et al. 2011) focusing specifically on 
transportation. 
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3.3.2 Literature on non-PPP Project Performance 
A majority of the published literature on non-PPP project research in the transportation 
sector involves comparing the performance differences of traditional design-bid-build 
(DBB) versus the alternatively used design-build (DB). Subsequently, due to the large 
scale of published literature on these methods, a representative sample of literature 
focusing on cost and schedule performance is detailed below. Table 12 shows the main 
studies included as part of the literature review, the delivery methods, location, projects 
size, sample size, and statistical analysis (if any). 
Table 12: Non-PPP Project Performance 
 Reference Methods Location Project Size ($) Analysis 
1 Ellis et al. (1991) DB Florida $446k – $12M t-test 
2 Allen (2001) DBB 
DB 
California $4.6M – $277.8M t-test 
3 FDOT (2004) 
 
DB Florida $220k – $33M Descriptive 
statistics 
4 Warne (2005) DB USA $83M – $1.3B Descriptive 
statistics 
5 AECOM (2006) 
 
DBB 
DB 
USA <$20M Descriptive 
statistics 
6 Shrestha (2007) DBB 
DB 
Texas >$100M Descriptive 
statistics 
7 Shrestha et al. 
(2007) 
DBB 
DB 
USA $50M – $1.4B F-test 
8 Migliaccio et al. 
(2010) 
DB Florida 
(124/146) 
$150k – $1.84B Regression 
analysis 
9 Touran et al. 
(2011) 
DBB 
DB 
CMAR 
UT, NJ, 
CO, MA, 
OR 
$89.4M – $940M Descriptive 
statistics 
10 Shrestha et al. 
(2012) 
DBB 
DB 
Texas $54M – $2.05B t-test 
11 Minchin et al. 
(2013) 
DBB 
DB 
Florida >$7M t-test,  
MWW test 
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12 Shakya (2013) DB 
CM/GC 
USA $2.3M – $358.7M One-way 
ANOVA 
13 Bingham (2014) DBB 
DB 
CMAR 
USA $1M – $900M ANOVA 
 
 
Ellis et al. (1991) evaluated FDOT’s DB pilot program by benchmarking cost and 
schedule change from 11 DB projects with costs ranging from $446K – $12M. Average 
DB cost change was found to be negative 1.99 percent while average schedule change 
was found to be 5.14 percent. Statistical comparisons were made between the cost and 
time to complete these DB projects versus predictions of what the projects would have 
costed and time taken under a DBB delivery model. These cost and time values under this 
DBB model were predicted based on standard cost and time values according to FDOT; 
however the authors did not elaborate further on how these values were calculated. 
Statistical analysis was completed utilizing the t-Test. Significant differences were found 
for schedule comparisons at the 95 percent confidence limit; however, insignificant 
differences were found for cost. It should be noted that DB performance outcomes were 
not statistically compared to actual DBB performance. Overall, this study represented the 
first true benchmarking effort of DB transportation projects for FDOT. 
 Gransberg et al. (2000) studied 21 DBB and 11 DB projects completed by the 
Florida Department of Transportation with individual project cost all below $10 million. 
DBB cost change was 10.64 percent while DB was -1.99 percent. DBB schedule change 
was 33.5 percent while DB was 5.14 percent. The main finding indicated that alternative 
methods (DB) have the strong potential to improve project delivery time over DBB; 
however, Gransberg et al. indicated that DB will typically cost the same as DBB, but DB 
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will tend to deliver projects in a much more expeditious manner. Moreover, the authors 
indicated that statistical analysis was performed (methods not indicated), but only 
descriptive statistics were reported in the study. 
 Allen (2001) studied 17 DBB and 4 DB horizontal military construction projects 
at the Naval Postgraduate School in Monterey, California. In the report the author 
characterized several project performance metrics including cost and schedule change. 
DBB cost change was 24.6 percent, while DB was 4.2 percent. DBB schedule change 
was 58 percent, while DB was -3 percent, meaning an average project was completed on-
time or earlier. The author concluded that cost and schedule overruns were adequately 
controlled through the DB delivery method; however, no statistical analysis on the cost or 
schedule data was performed. Therefore, even though the results of this study show 
superior performance, no statistically significant relationships between the performances 
of the delivery systems was realized. 
 In 2004 the Florida Department of Transportation (FDOT) reported on the cost 
and schedule efficacy of its DB delivery program and evaluated 33 DB projects 
completed between the years of 1996 and 2003. The main finding indicated average cost 
change was 6 percent and average schedule change was 18 percent. The report indicated 
that while 25 of the 33 projects had a cost change of under 5 percent only 11 projects 
were delivered on-time or earlier. Finally, the authors indicated that no statistical analysis 
was conducted due to data from similar DBB projects not being available at the time. 
 Warne (2005) performed extensive research studying 21 DB highway projects 
from all over the U.S. with project costs ranging from $83 million to $1.3 billion. DB 
cost change was found to be four percent while schedule change was -11 percent, 
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meaning that an average project was delivered on-time or earlier. Additionally, project 
managers were interviewed and asked how long the project would have taken under a 
DBB method. These answers were professional estimates and no direct statistical 
comparisons were made between these estimates and duration under a DB delivery 
system. 
 AECOM consultants (2006) along with Science Application International 
Corporation and the University of Colorado Boulder prepared a research report for the 
FHWA studying the effectiveness the Special Experimental Project No. 14 program. Data 
was obtained for 11 pairs of DBB and DB projects and results showed DB was superior 
in controlling schedule escalations; however, average cost change of DB was 
approximately three percent higher over DBB. The final report produced by the FHWA 
presents only a comparison of descriptive statistics and does not perform any statistical 
analysis on the data. 
 Shrestha (2007) conducted a thesis study on four pairs of DBB and DB 
transportation projects in Texas. Among the metrics studied included cost and schedule 
performance of these projects. Average cost change of DB was found to be superior to 
DBB; however, schedule change of DBB was found to be superior to DB. This finding is 
in contrast with previous research indicating the superior cost and schedule performance 
of DB in the U.S. transportation sector (Gransberg et al. 2000; Allen 2001). 
 Migliaccio et al. (2010) conducted a research study of 146 DB transportation 
projects from sixteen different states studying cost, schedule, and procurement 
performance metrics. The main finding indicated that there is a direct correlation between 
procurement duration and schedule performance in that the longer the procurement 
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duration the lower the schedule change on this subset of projects. Secondary findings, 
which are of interest to this paper, found cost and schedule change for DB projects to be 
0.4 percent and 13 percent, respectively. These cost and schedule change values are 
similar to what  Shrestha (2007) reported in his study; however, these findings are in 
contrast to the previous cost and schedule findings of Allen (2001), Warne (2005) and 
AECOM (2006). 
 Minchin et al. (2013) studied 30 DBB and 21 DB transportation projects from the 
Florida Department of transportation (FDOT). DBB had an average cost change of 20.42 
percent and an average schedule change of 23 percent; while DB had an average cost 
change of 45.2 percent and average schedule change of 20.2 percent. The authors 
conducted MWW statistical tests and found that there were significant differences 
between cost changes for the two delivery systems in that DBB was performing 
significantly better than DB; however, no significant differences were found for schedule 
change. The authors elaborated on the extreme cost variations associated with the DB 
projects in the database. They speculated that there were elevated discrepancies between 
the contract award value and final cost for this subset of DB projects and that the FDOT 
program managers conducting the DBB projects may have become more familiar with 
that method over DB. The authors concluded DBB seemed to be performing the same or 
superiorly to DB; however, these findings are, once again, in contrast to what been 
previously reported by Gransberg et al. (2000) and Allen (2001). 
 Finally, Bingham (2014) conducted a research study for his dissertation at 
Arizona State University, quantifying cost and schedule performance for 40 DBB, 21 DB 
and 18 construction manager at risk (CMAR) projects. For the DB projects, average cost 
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change was -5.37%, which indicates, on average, these projects were completed under 
budget. Average schedule change was 20.24%, which indicates, that on average, the DB 
projects in this study where completed late. Statistical analysis was completed utilizing 
analysis of the variance between the three projects delivery systems for cost and schedule 
change. Overall, no statistically significant differences were found for cost and schedule 
between the three delivery systems. 
To summarize, representative literature quantifying the cost and schedule 
performance of DBB and DB projects seems to be scattered. From the studies cited, DBB 
cost change ranged from 3.6 percent to 24.6 percent with an average of 14.4 percent; 
while schedule change ranged from 4.34 percent to 58 percent with an average of 24.7 
percent. Similarly for DB, cost change ranged from -5.47 percent to 45.2 percent with an 
average of 4.98 and schedule change ranged from -11 percent to 20.2 percent with an 
average of 7.79 percent. 
 Finally, Table 13 shows a summary of analyses in the PPP and non-PPP 
performance research. First, every single study considers some form of cost analysis, 
whether it is cost change, cost savings or number of projects on-budget. Second, schedule 
analysis is considered in all but three of these research studies. Finally, and perhaps the 
most underutilized, are statistical analyses is only performed in 10 out of the 20 studies. 
Moreover, in the studies where statistical analysis is performed, inconclusive results are 
most often reported due to small sample sizes, lack of data from comparable studies or 
the authors of these studies simply not performing the analysis. 
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Table 13: Summary of Analyses Focused on Transportation Projects 
PPP Research Analysis 
Author Cost  Schedule  Statistical  
Treasury Taskforce (2000) X   
Mott MacDonald (2002) X  X 
Allen Consulting Group (2007) X X X 
AECOM/DMJM (2007) X X X 
NAO UK (2009) X X  
Bain (2010) X   
Garvin et al. (2011) X X  
Chasey et al. (2012) X X  
Ramsey and El Asmar (2015) X X X 
Non-PPP Research 
Ellis et al. (1991) 
Molenaar et al. (1999) 
Gransberg et al. (2000) 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Allen (2001) X X  
FDOT (2004) X X  
Warne (2005) X X  
AECOM (2006) X X  
Shrestha (2007) 
Touran et al. (2011) 
X 
X 
X 
X 
X 
Migliaccio et al. (2010) X X X 
Minchin et al. (2013) 
Bingham (2014) 
X 
X 
X 
X 
X 
X 
3.3.3 PPP Definitions 
The USDOT FHWA defines PPP as “a contractual agreement formed between a public 
agency and a private sector entity that allows for greater private sector participation in the 
delivery and financing of transportation projects” (FHWA 2015). Subsequently, a PPP 
does not constitute any single project delivery method; instead there are a multitude of 
delivery methods under the PPP umbrella depending on how a PPP is interpreted. One 
such organization, the National Council for Public Private Partnerships (NCPPP), has 
defined at least 18 separate methods that can be considered a PPP (NCPPP 2015). 
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Additionally, the literature regarding the definitions and types of PPP is vast (Hodge and 
Greve 2007, 2009, 2010). Therefore the authors have elected that the defining 
characteristic of a PPP are the delivery methods that leverage private finance in the 
delivery of transportation infrastructure projects. Figure 12 has been created to show the 
specific delivery methods considered for this dissertation. First, at one end are two non-
PPP delivery methods that are fully funded through public sources and form a baseline 
for comparison. At the other end are the two PPP delivery methods that utilize a 
combination of public and private sources to finance projects. Additionally, Table 14 
(adapted from Barutha and Scheepbouwer 2016) complements Figure 12 and provides 
summarized definitions of each delivery method considered in this research. 
Design-Build
(DB)
Design-Build-
Operate-Maintain
(DBOM)
Design-Build-
Finance
(DBF)
Design-Build-
Finance-Operate-
Maintain 
(DBFOM)
PPP Methods
Baseline for this 
Study
 
Figure 12: Project Delivery Methods 
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Table 14: Common Alternative Delivery Options 
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 Definition 
X X    Design-Build (DB)* is an alternative project delivery 
system that is distinguished by a DB team acting as the 
single point of responsibility for a project in which the 
design and construction phases overlap. The private sector 
designs and constructs an infrastructure project with no 
added financial involvement beyond that.  
X X  X X Design-Build-Operate-Maintain (DBOM)* is a combined 
delivery approach where the private sector also operates 
and maintains the infrastructure for a certain period of 
time. Finance is still secured by the public sector. 
X X X   Design-Build-Finance (DBF)* combines the efficiencies of 
DB with partial or complete financing provided by the 
private sector 
X X X X X Design-Build-Finance-Operate-Maintain (DBFOM)* full 
risk transfer of design, construction, finance, operations 
and maintenance to the private sector and can be financed 
partially or fully through private debt and private equity 
*Sources: Zhao et al. (2011), PWF (2014), FHWA (2015), Bahrevar et al. (2015), 
Barutha and Sheepbouwer (2016), Ramsey et al. (2016) 
3.3.4 Gaps in Knowledge and Research Objectives 
From the literature review, scholars and practitioners have compared cost and schedule 
overruns of PPP projects against traditionally-procured projects in PPP markets such as 
Australia, Europe and, to some extent, the U.S. A majority of these studies are from 
international literature (Allen Consulting Group 2007; NAO 2009; Bain 2010; Raisbeck 
et al. 2010; Garvin et al. 2011). Additionally, these studies and others have identified two 
overarching significant gaps in knowledge about PPP project performance as follows. 
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1. There is a clear lack of access to empirical data of PPP projects (Hodge and Greve 
2010; Kile 2014; Zhenhua et al. 2015) 
2. Empirical studies specifically targeting the U.S. market have not been extensively 
conducted (Hodge and Greve 2010; Daito 2014; Zhenhua et al. 2015) 
Recent quantitative research was presented by the authors at the 2015 TRB annual 
meeting. This study presented cost and schedule performance benchmarks for 25 recently 
completed PPP projects in the U.S. transportation sector (Ramsey and El Asmar 2015). 
However, based on the authors newly developed definition of PPP, this preliminary paper 
contained eight projects that were fully publically financed and do not conform to the 
author’s new definition. Therefore, this paper only contained 17 true PPP projects that 
utilized a private financing component. Therefore, this research continues the authors’ 
previous work on PPP project performance by increasing the preliminary dataset, i.e. 17 
versus 27 PPP projects and compares them to 54 baseline projects. Moreover, the 
objectives of this final assessment are as follows: 
1. Conduct a comprehensive quantitative assessment of PPP transportation project 
delivery performance and compare these results to what has been reported in the 
international market and U.S. market. These comparisons will be done in three 
stages. 
a. Compare PPP literature to the two major PPP delivery methods 
considered in this study to determine if cost and schedule performance is 
comparable or different to what has been reported. This objective is 
completed by utilizing visual presentation techniques such as histograms 
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and visually comparing the results from the literature to the results from 
this study. 
b. Perform direct statistical comparisons between the two PPP and two 
baseline methods in terms of cost and schedule performance to determine 
if added private involvement enhances cost and schedule performance. 
This objective is completed by utilizing univariate statistical tests which 
included the Mann-Whitney-Wilcoxon (MWW) ranked sum test. 
3.4 Research Method 
In order to accomplish the research objectives, the methodology used for this study 
consisted of four steps: 1) literature review; 2) PPP project identification and data 
collection; 3) project data verification through structured interviews; and 4) data analysis. 
These steps are shown in Figure 13 and detailed below. 
 
Figure 13: Key Research Steps 
3.4.1 Literature Review 
A comprehensive literature review was conducted in order to present previous research 
regarding PPP cost and schedule performance and outline standardized definitions of PPP 
applicable to the projects in this study. The literature review also helped to create a 
baseline for non-PPP cost and schedule performance and pave the way for the 
69 
 
identification and collection of appropriate cost and schedule data in order to measure 
project performance. 
3.4.2 PPP Project Identification and Data Collection 
Various completed and on-going PPP projects were identified through professional 
datasets and through publically available DOT websites. Specifically, three informational 
databases were used to collect cost and schedule information for this study. First, the 
FHWA website on integrated project delivery lists and categorizes 67 completed and on-
going U.S. PPP transportation projects (FHWA 2015). Second, PWF’s global project 
database has listed and categorized a large number of projects that utilize innovative 
financing methods over the last 30 years (PWF 2014). Finally, Infra-Deals America 
database lists and categorizes 39 transportation projects identified as PPP. Based on the 
author’s definitions, 54 of these projects are considered to be non-PPP and are comprised 
on DB and DBOM projects. Twenty-seven of these projects are considered to be PPP and 
are comprised on DBF and DBFOM projects. The authors triangulated the different data 
sources and collected data for a total of 81 completed transportation projects between the 
years of 1995 and 2015. 
3.4.3 Data Verification 
In order to verify the data collected on the various PPP projects, structured interviews 
with project constituents were setup through phone conversations and email 
communications. Project constituents consisted of facility managers, chief executive 
officers (CEO), public information officers (PIO), professional engineers (P.E.) and 
project management professionals (PMPs), to name a few. During each interview, project 
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constituents were asked to verify cost and schedule information obtained from the various 
websites and databases presented in the previous subsection. Constituents were asked to 
verify the same four pieces of project information as shown in Table 15. 
Table 15: Project Information Attributes 
Data Attribute Definition 
Contract Award Value (CAV) The contract award is the value of the capital 
expenditure stipulated in the contract at financial 
close. (Chasey et al. 2012) 
 
Final Contract Value (FCV) The final contract value is the cumulative value of 
all payments made by the sponsor to the developer 
for the construction of the project. (Chasey et al. 
2012) 
 
Awarded Contracted Duration 
(ACD) 
The awarded contract duration is the time allotted 
in the contract for the construction of the project. 
(Chasey et al. 2012) 
 
Final Duration (FCD) The final contract duration is the actual time of the 
construction to the point of availability of use of 
the project. (Chasey et al. 2012) 
3.4.4 Data Analysis 
Cost Change 
Cost change is most commonly defined as the percent change from the contract award 
value (CAV) to the final contract value (FCV) at project completion. The CAV is the 
value of the capital expenditure stipulated in the contract at financial close. The FCV is 
the cumulative value of all payments made by the sponsor to the developer for the 
construction of the project. Both of these cost values were indexed to the year 2014 using 
the Bureau of Labor statistics Consumer Price Index (Bureau of Labor Statistics 2015). 
Equation 1 indicates how cost change was calculated for all projects in the dataset. 
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( )*100
(%)
FCV CAV
Cost Change
CAV

              (1) 
Schedule Change 
Schedule change is most commonly defined as the percent change from awarded contract 
duration (ACD) to final contract duration (FCD) of a project. The ACD is the time 
allotted in the contract for the construction of the project. The FCD is the time of the 
construction to the point of availability of use of the project. Equation 2 below displays 
how schedule change was calculated for all projects included in the dataset. 
( )*100
(%)
FCD ACD
ScheduleChange
ACD

             (2) 
Statistical Analysis 
Statistical analysis was performed using univariate methods. In order to determine which 
statistical test provides the most accurate statistical validation the Anderson-Darling was 
performed in-order to determine if the dataset was normally distributed. Normal 
distributions are important in statistics due to the central limit theorem which states that 
averages drawn from random variables will converge on being normal and any deviation 
from a normal distribution can show that the numbers are not random (Lehmann and 
Romano 2008). Finally, based on the results of the normality test, either the t-test or the 
Mann-Whitney-Wilcoxon (MWW) test was utilized to determine significance in the 
differences of cost and schedule performance. Among tests based on ranks, the MWW 
test is the most widely used because it is known to be extremely robust against non-
normality and to have asymptotic power of at least 86 percent of that of the t-test over all 
numerical distributions (Lehmann and Romano 2008). The MWW test results in a p-
72 
 
value that is compared to the common threshold for statistical significance of 0.05. A p-
value smaller than 0.05 indicates the observed differences between the two samples are 
significant. 
3.5 Data Characteristics 
This section presents data characteristics of the projects collected for this study. These 
characteristics include geographical location along with the number of projects, type of 
transportation infrastructure, construction type, and range of project costs, project 
construction times, and descriptive statistics of cost and schedule data. Finally inferential 
statistics are presented to determine which statistical tests are appropriate for comparative 
analysis. First, Figure 14 shows the geographical location of the projects. Project data 
was received from Alaska, Alabama, California, Colorado, Florida, Massachusetts, 
Maryland, Minnesota, Missouri, North Carolina, New Jersey, New Mexico, Nevada, New 
York, Ohio, Oregon, Rhode Island, South Carolina, Texas, Utah, Virginia, Washington, 
and Washington, D.C. From the figure, California, Florida, Texas and Virginia have 
procured the most number of projects. 
Figure 15 shows the distribution of transportation project type for the baseline and 
PPP projects. 35 of the 81 projects are surface transportation projects which include 
motorways, rail, and bridges. Three of the motorway projects are toll motorways, six of 
the rail projects are light rail, and three of the bridge projects are toll bridges. Forty-one 
are highway projects, with 17 being toll highways. Three projects are tunnel projects. The 
transit/multi-modal projects are the Denver Union Station project in Denver, Colorado 
and the John F. Kennedy International Airport terminal #4 project in New York, New 
York. 
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 Figure 16 shows the distribution by construction type for the baseline and PPP 
methods. Greenfield construction refers to newly constructed facilities, while brownfield 
construction refers to the reconstruction or rehabilitation of existing facilities. 
Interestingly, roughly half of the projects are greenfield construction projects, while the 
others are brownfield construction projects. 
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Figure 14: Geographical Location of Baseline Projects (top) (N=54), and PPP 
Projects (bottom) (N=27) 
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Figure 15: Distribution of Project Types Baseline Projects (top) (N=54); PPP 
Projects (bottom) (N=27) 
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Figure 16: Baseline Construction Type (top); PPP Construction Type (bottom) 
The author considered and performed statistical comparisons of cost and schedule 
performance by project type (highway, rail, tunnel, motorway and multimodal). When 
comparing the differences of cost change for PPP highway versus baseline highway 
Greenfield 
Baseline, 26 
Brownfield 
Baseline, 28 
Greenfield 
PPP, 16 
Brownfield 
PPP, 11 
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projects, the resulting p-value was 0.184, indicating no significant differences. Similarly, 
when comparing the differences in schedule change of PPP highway versus baseline 
highway projects, the p-value was 0.425, indicating no significant differences. This was 
expected because of the small sample size when we limit the type of projects. In fact, the 
author calculated the sample size needed to detect a significant difference in cost change 
between the baseline and PPP methods based on project type. First, the author assumed 
the cost change data followed a normal distribution. Additionally, it was also assumed 
that the confidence interval was 95 percent and the critical t-value was 1.96. 
Subsequently, using the sample size calculation test outlined in Lehmann and Romano 
(2008), sample sizes were generated by project type for both baseline and PPP methods 
based on the standard deviations in cost change. Table 16 shows the results for both 
baseline and PPP projects. As expected, the larger the standard deviation, the more 
projects are needed to determine statistical significance. For example, for the baseline 
projects, rail and bridge require the most number of projects due to their large standard 
deviation. Only one project type, PPP highway projects, came close to the necessary 
number of projects to determine statistical significance. Since the available data did not 
allow this type of analysis, the focus of the author remained on the original scope of 
analysis by project delivery method. 
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Table 16: Sample Size Calculation for Project Type 
Project Type Number of 
Baseline Projects 
Cost Change 
Standard 
Deviation 
Number of 
Projects Needed 
Highway 24 8.34 37 
Motorway 6 5.36 20 
Rail 12 11.5 62 
Bridge 10 14.6 91 
Tunnel 1 N.A. - 
Multimodal 1 N.A. - 
Project Type Number of PPP 
Projects 
Cost Change 
Standard 
Deviation 
Number of 
Projects Needed 
Highway 17 5.12 19 
Motorway 2 0 - 
Rail 3 5.44 21 
Bridge 2 0 - 
Tunnel 2 5.21 19 
Multimodal 1 N.A. - 
 
Figure 17 shows the range of final project costs in billions of 2014 dollars for the 
baseline projects and the PPP projects. From Figure 17, one can observe that the range of 
final projects costs for the dataset of 54 baseline projects and 27 PPP projects are 
approximately comparable. For the baseline projects, 12 projects range from $0 to $0.2 
billion, while 19 projects range from $0.2 billion to $0.4 billion. Five projects range from 
$0.4 to $0.6 billion and eight projects range from $0.6 to $0.8 billon. Similarly, for the 
PPP projects, nine projects ranged from $0 to $0.2 billion, while six projects ranged from 
$0.2 billion to $0.4 billion. Figure 18 shows the range of actual construction times for the 
baseline projects and the PPP projects. For the baseline projects, two projects were 
constructed relatively quickly taking approximately one year to complete; and three 
projects were constructed between one  and two years. Nineteen projects were 
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constructed between three and four years. Nine projects were constructed between four 
and five years. Finally, eight projects were constructed between five and six years, with 
two projects taking longer than six years to complete. For the PPP projects, three projects 
were constructed between one and two years. Six projects between two and three years, 
10 projects between three and four years, seven projects between four and five years and 
finally, one project between five and six years. The construction durations presented here 
are typical for transportation projects citing the U.S. General Accounting Office (GAO) 
showed that typical construction duration for transportation projects can take anywhere 
from 2 – 6 years (GAO 2002). Overall, the projects contained within the database are 
large, technically complex transportation projects. 
 
Figure 17: Range of Project Costs (N=81) 
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Figure 18: Range of Project Schedules (N=81) 
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values reported in blue in this figure are the average cost change for the DB projects in 
their respective studies; the values in red are the average cost change for the 54 baseline 
DB projects in this study, and the average cost change for the 27 PPP projects in this 
study.  
First, notice the range of cost changes for the cited non-PPP literature, -1.99 to 
45.2 percent. Other than the Minchin et al. (2013) outlier value of 45.2 percent, there is a 
relatively small amount of variation between the results of the different studies. In 
comparison, the average cost change for the 54 baseline DB projects in this study is 8.46 
percent, which is in the range identified in the literature. This number presents a DB 
performance baseline that can help interpret the PPP results. 
 
Figure 19: Non-PPP Cost Change versus Collected Project Data 
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Figure 20 shows the average schedule change values for the thirteen cited non-
PPP performance studies, the overall average schedule change, the average schedule 
change for the 54 baseline projects, and the average schedule change for the PPP projects 
in this study. First, notice the range of schedule changes for the cited non-PPP literature, -
11 to 20.5 percent, which indicates a high degree of variation between the different 
studies. Moreover, four studies report average schedule changes that are negative, 
meaning that, on average, any particular project was delivered on-time or earlier. For the 
other studies the average schedule change was positive, meaning that, on average, a 
project was delivered late. The weighted average schedule change for the thirteen non-
PPP studies was 7.79 percent, which when compared to the average schedule change of 
negative 0.22 percent for the 54 baseline projects in this study, indicates that the non-PPP 
projects in literature are performing slightly worse than the collected baseline schedule 
performance data. Additionally, the average schedule change for the 27 PPP projects in 
this study was 1.38 percent. Overall, cost and schedule performance of non-PPP literature 
studies are performing worse than the projects in this study. 
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Figure 20: Non-PPP Schedule Change versus Collected Project Data 
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3.6.2 Statistical Analysis for PPP versus Baseline Delivery Systems 
This section presents the descriptive statistics and statistical analysis of the PPP (DBF 
and DBFOM) versus the baseline (DB and DBOM) delivery systems. First, descriptive 
statistics of the cost and schedule metrics for all four delivery systems can be seen in 
Table 17. For estimated project cost, DBFOM projects had the highest mean cost of 
$1016.1 million, while DBF had the lowest mean cost of $332.9 million. Similarly for 
actual project cost, DBFOM projects had the highest mean cost of $1045.9 million, while 
DBF had the lowest at $348 million. For cost change, DB projects experienced the 
highest mean cost change of 8.7 percent, while DBFOM experience the lowest at 2.9 
percent. 
 For schedule metrics, DB had the highest mean estimated contract duration at 
1364.9 days, while DBF had the lowest at 1227.2 days. Similarly for final contract 
duration, DB had the highest mean final contract duration at 1351.3 days, while DBF had 
the lowest at 1215.2 days. For schedule change, DBFOM had the highest mean schedule 
change at 3.5 percent, while DBF had the lowest at -0.9 percent. 
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Table 17: Descriptive Statistics 
Data Attribute Statistic DB 
(N=48) 
DBOM 
(N=6) 
DBF 
(N=13) 
DBFOM 
(N=14) 
Estimated Project 
Cost  
($ millions 2014) 
Mean 575.1 1072.9 332.9 1016.1 
Median 334.9 924.1 220 802.4 
SD 506.4 920.5 259.7 790.2 
 
Actual Project 
Cost  
($ millions 2014) 
Mean 629.4 1154.3 348.0 1045.9 
Median 387.9 937.9 220.1 833.8 
SD 574.0 1031.5 284.1 808.4 
 
Cost Change 
(%) 
Mean 9.0 3.9 3.2 2.9 
Median 4.5 3.2 0.0 0.5 
SD 10.9 6.7 4.8 4.8 
 
Estimated 
Contract Duration  
(days) 
Mean 1364.9 1243.5 1227.2 1240.6 
Median 1140.0 1223.0 1228.0 1305.0 
SD 671.9 349.7 323.7 476 
 
Final Contract 
Duration  
(days) 
Mean 1351.3 1288 1215.2 1274.3 
Median 1238.5 1365 1170 1467.5 
SD 657.3 386.6 321.9 476.0 
 
Schedule Change 
(%) 
Mean -0.6 3.1 -0.9 3.5 
Median 0.0 0.0 0.0 0.0 
SD 10.9 12.7 2.6 14.8 
 
3.6.3 Inferential Statistics 
Inferential statistical tests are performed in order to determine data normality. 
Table 18 presents the results from the Anderson-Darling test for normality. Numbers 
contained within the table are the p-values from the test. A p-value less than 0.05 indicate 
statistical significance meaning that the data is not normally distributed. Notice from 
Table 18 that only DBOM projects are normally distributed for cost change, as indicated 
by the high p-value; while none of the delivery methods are normally distributed for 
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schedule change. Additionally, the combined datasets for the two baseline methods 
(DB+DBOM) and the two PPP methods (DBF+DBFOM) are found to be non-normally 
distributed. The results from the Anderson-Darling test are expected as the data contained 
within this study is not a random sample and the projects were targeted from specific 
databases as outlined in the section 3.4 Research Methods. Overall, due to the 
inconsistency of data normality the MWW test was exclusively used to test the 
differences between cost and schedule change for the non-PPP and PPP methods. 
Table 18: Anderson-Darling Test Results 
Data 
Characteristic 
 
Data Set Cost 
Change  
p-value 
Schedule 
Change  
p-value 
Delivery Method 
DB (N=48) <0.005* <0.005* 
DBOM (N=6) 0.554 <0.005* 
DBF (N=13) <0.005* <0.005* 
DBFOM (N=14) <0.005* <0.005* 
Baseline (DB+DBOM) (N=54) <0.005* <0.005* 
PPP Methods (DBF+DBFOM) 
(N=27) 
<0.005* <0.005* 
*Indicates statistical significance when p-value <0.05 
Table 19 shows the results of the MWW test comparing differences in cost 
change and schedule change for the two PPP delivery methods versus baseline DB 
delivery. Notice from Table 19 significant differences were found in cost change when 
comparing DBF to DB and DBFOM to DB, but not for schedule change. Additionally, 
when comparing DBOM to other delivery systems no significant differences were found 
when comparing either cost or schedule change due to only having 6 DBOM projects. 
Moreover, DB projects had an average schedule change of -0.6 percent, while 
DBF and DBFOM had average schedule changes of -0.9 and 3.5 percent, respectively. 
These small schedule change differences when comparing the different delivery systems 
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to one another were tested statistically: none of these delivery systems performed 
significantly better than the others in terms of schedule change. However, the fact that 
there were no differences in schedule between the PPP projects and baseline DB projects 
is significant in its own right due to the fact that PPP is conferring the same scheduling 
benefits as its DB counterparts (which the literature shows have 30% faster delivery 
compared to traditional systems). Given this fact, no one delivery system is 
outperforming the other in terms of schedule; therefore the results presented in the next 
paragraph will exclusively focus on cost performance comparisons of the different 
delivery systems. 
Table 19: MWW Test Results 
Data 
Characteristic 
 
Data Attribute Comparisons Cost 
Change  
p-value 
Schedule 
Change  
p-value 
Delivery Method 
DBF (N=13) v. DB Baseline (N=54) 0.037* 0.603 
DBFOM (N=14) v. DB Baseline (N=54) 0.018* 0.680 
PPP (N=27) v. DB Baseline (N=54) 0.008* 0.916 
*Indicates statistical significance when p-value <0.05 
Figure 21 shows the cost change boxplots per delivery system. The solid diamond 
indicates the average cost change, while the solid line indicates the median. DB projects 
seem to have the largest cost growth range, out of the innovative methods shown here, 
while DBFOM seems to have the smallest cost growth range. First, average cost change 
of DB baseline projects in the database was 8.46 percent and when compared to the two 
PPP delivery methods, DBF and DBFOM, average cost change was 3.2 and 2.9 percent 
respectively. As indicated in Table 19, when comparing cost change between delivery 
systems, statistically significant cost change differences were found between DBF and 
DB and also between DBFOM and DB. This finding is noteworthy in that increased 
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private participation appears to lead to increased cost control on these projects, perhaps 
due to the increased risk taken on by the private sector.  
Finally, statistically comparing the cost change of the PPP versus baseline 
resulted in an even stronger significance as shown in Table 19 by the p-value of 0.008. 
This result means PPP methods with higher private stakeholder integration, i.e. DBF and 
DBFOM, exhibit superior cost performance when compared to the baseline DB projects. 
Additionally, this previously undocumented finding indicates private participation is 
creating public benefit through tightly controlling costs during the construction phase. 
 
Figure 21: Cost Change per Delivery System 
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3.6.4 Comparison of PPP Literature to Collected PPP Projects 
This section offers discussion of the findings by comparing the results with U.S. and 
international literature. Figure 22 shows the average cost change values for the three PPP 
performance studies that reported cost change and the results of this study. First, notice 
the range of cost changes for the cited PPP literature, 0.81 to 13 percent, which indicates 
a relatively small amount of variation between each of the studies. Recall that U.S. PPP 
performance literature is lacking, with only one study (Chasey et al. 2012) analyzing 
actual cost and schedule performance values. Recall that Chasey et al. quantified cost and 
schedule performance of DBFOM PPP projects, 10 in Canada and two in the U.S., and 
reported an average cost change of 0.81 percent and average schedule change of -0.3 
percent. When compared to the DBFOM projects in this research the average cost change 
was 2.9 percent and average schedule change of 3.5 percent. The Chasey et al. (2012) 
work helped the authors to better understand the cost and schedule performance results of 
this study in that DBFOM projects in the U.S. are performing slightly over-budget and 
completed on-time or earlier. Overall, U.S. PPP performance literature is sparse; 
therefore this study offers the first quantitative benchmark of PPP cost and schedule 
performance citing a large number of completed U.S. PPP transportation projects. 
 When comparing the results to international literature, Bain (2010) reported an 
average cost change of 13 percent (recall the Bain (2010) study is a compilation of 14 
international studies and represents a grand-average of the average cost changes for the 
PPP projects reported in these studies), while the Allen Consulting Group (2007) reported 
an average cost change of 1.2 percent. For this study, the average cost change for the 27 
PPP projects is 3.04 percent, therefore U.S. PPP cost performance is somewhere in-
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between what Bain (2010) and the Allen Consulting Group (2007) reported. For schedule 
change only one study, the Allen Consulting Group (2007) reported an average schedule 
change of -3.4 percent and while the average schedule change for the PPP projects in this 
study was 1.38 percent, a similar number of projects were analyzed. When compared 
with NAO (2003, 2009) a similar percentage of PPP projects were delivered on time or 
earlier. In fact, 24 of the 27 (88 percent) PPP projects in this study were delivered on time 
or earlier. Additionally, 14 of 27 (52 percent) projects were delivered on-budget. Overall, 
PPP cost and schedule change performance seems to be in the range of what the existing 
performance literature has documented. 
 
Figure 22: PPP Cost Change versus PPP Literature Findings 
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Figure 23 shows the average schedule change values for the PPP performance studies that 
reported schedule change values.  First, notice the range of schedule changes, -3.4 to 1.38 
percent, which indicates a very small amount of variation between the different studies. 
Additionally, the average schedule change for this study is comparable to what has been 
reported in the literature. Overall, the cost and schedule performance of the PPP methods 
in this study are comparable to what has been reported in the literature. However, given 
the lack of PPP performance research in the U.S. transportation sector this result offers 
the first true benchmark of PPP cost and schedule change by studying a significant 
number of completed PPP projects. 
 
Figure 23: PPP Schedule Change versus PPP Literature Findings  
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3.7 Conclusions 
 To summarize, this research provides a comprehensive project performance 
benchmark of two major PPP delivery systems in the U.S. transportation sector, and 
compares them to their non-PPP counterparts. Two substantial contributions from the 
analysis are as follows: 
(1) Significant differences were found in cost change between PPP and the 
baseline method. PPP methods offer a smaller cost change than the 
baseline, perhaps due to increased burden of risk to the private sector. This 
finding is even more significant when considering that 20 years of 
literature show DB offers the best cost change performance measured on 
transportation projects. PPP builds on the baseline methods even further. 
(2) No significant differences were found for schedule change when 
comparing PPP and the baseline methods. 
 At the time of this writing, several high-profile PPP projects are currently being 
constructed and will not reach final completion until 2018-2020. These projects include 
the Ohio River Bridge East End Crossing, U.S. 36 Phase 2, I-4 Ultimate, I-69 Section 5, 
and the I-77 High Occupancy Toll Lanes projects. Future research will collect similar 
data from these projects and compare to the results of the analysis presented in this paper. 
Overall, this section of the dissertation addresses a significant gap in knowledge 
about PPP project performance in the U.S. transportation sector by presenting a 
quantitative analysis of cost and schedule performance. Project stakeholders can use this 
new knowledge to better align themselves and their organizations with expected 
performance outcomes of their PPP projects.  
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4. LEVERAGING PUBLIC FUNDS: A NATIONAL STUDY QUANTIFYING 
PPP FINANCING SOURCES IN THE U.S. TRANSPORTATION SECTOR 
4.1 Abstract 
Public-private partnerships (PPP) are defined as contractual agreements formed between 
public and private sector partners, which expand the private sector’s role in designing, 
constructing, operating, maintaining, and especially financing infrastructure projects. 
This paper quantifies financing sources in terms of both public and private contributions 
for the two major delivery methods under the PPP umbrella: design-build-finance (DBF) 
and design-build-finance-operate-maintain (DBFOM). Design-build (DB) and design-
build-operate-maintain (DBOM) are offered as a baseline for comparison, where only 
public funds are used. The authors analyzed funding data for 133 DB, DBOM, DBF, and 
DBFOM transportation projects. Project costs range from $32 million to $5.68 billion, 
and total approximately $103 billion in infrastructure development expenditures. Results 
from the analysis show public funds account for 55.5 percent of the PPP project costs 
while private funds account for 44.5 percent. The main contribution of this paper is 
showing that leveraging private funds through the use of PPP can nearly double the 
amount of infrastructure delivered to the public. Project stakeholders can potentially use 
this new knowledge to better understand typical investment strategies and expected 
financing sources and amounts in PPP projects. 
4.2 Introduction – Current State of Transportation Infrastructure Investment 
Transportation infrastructure affects almost every aspect of the economy and as such is a 
key element in advancing the economic competitiveness of regions and the United States 
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as a whole (Winston 2013). Public resources, including federal, state, and local finances 
are spent to deliver transportation projects around the U.S., which reduce congestion, 
enhance the economic value afforded to travelers, and facilitate the efficient and effective 
movement of goods and services. However, the Great Recession of 2008 greatly 
impacted the nation’s transportation network, inciting large funding deficits and 
budgetary cuts at state and federal government levels (Jonas 2012). As a result, 
transportation funding decisions are becoming increasingly difficult as needs continue to 
overwhelm available resources (Rall et al. 2015). Examples of current funding shortfalls 
include the insolvency of the Highway Trust Fund, the declining value of the federal fuel 
tax, and numerous delays and “funding patches” for federal surface transportation 
authorization (CBPP 2012; Rall et al. 2010). In fact, the Economic Development 
Research Group in association with the American Society of Civil Engineers (ASCE) 
documented funding shortfalls for highways and surface transportation spending, 
indicating highways will have a funding shortfall of $756 billion by 2020, and surface 
transportation (roads, bridges, and rail) will have a funding shortfall of $90 billion (EDR 
Group 2011). Moreover, the National Economic Council (NEC) found the U.S. invests 
less than one percent of its GDP on transportation infrastructure development. The NEC 
further noted nearly 65 percent of all roadways are now classified as “less than good,” 
falling into disrepair with considerable maintenance backlogs (NEC 2014). As a result of 
declining investments and deteriorating infrastructure, policy makers and public officials 
are increasingly looking for alternative and innovative financing methods to supplement 
traditional funding for transportation projects (U.S. Treasury 2014). As a result, the 
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number of public-private partnerships (PPP) in the transportation industry has increased 
substantially over the past two decades. 
A public-private partnership (PPP) is a contractual agreement formed between 
public and private sector partners, which expands the private sector’s role in designing, 
constructing, operating, maintaining, and especially financing infrastructure projects 
(FHWA 2015). According to the National Conference of State Legislators (NCSL), 34 
states, one U.S. territory (Puerto Rico), and Washington, D.C., now have legislation that 
allows a state entity to engage in some form of PPP (Rall et al. 2015). Additionally, the 
American Road and Transportation Builders Association (ARTBA) called 2015 a 
“change year” for PPP projects (Ethridge 2014). As more transportation agencies 
investigate the possibility of utilizing PPP to deliver their projects, a comprehensive 
analysis of the financing for these projects is needed to inform several key decisions. 
These decisions include choosing whether or not to pursue PPP versus traditional 
procurement in order to obtain the best value for money, initiating projects under a PPP 
model that would otherwise be delayed, or enabling transportation entities to expedite the 
award of a contract to avoid future cost escalations (Ashuri and Mostaan 2015). 
Moreover, an additional motivation for this study originates from a recent forum 
on PPP research needs sponsored by Public Works Financing (PWF) at the 
Transportation Research Board (TRB) 2014 annual meeting in Washington, D.C. 
Participants discussed academia’s role in future PPP research and concluded that, in order 
for research to add value to the industry as a whole, the findings must present data that 
can be used to answer two fundamental questions: 1) why and 2) how benefits are created 
through private participation (PWF 2014a). Therefore, in order to answer the need for 
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new and relevant academic research regarding PPP transportation projects, this paper 
presents a comprehensive analysis and critical discussion of public and private funding 
involvement for PPP transportation projects in the U.S. 
4.3 Literature Review 
The first step of this study involved a comprehensive literature review regarding the 
current state of PPP financing methods.  Relevant literature regarding U.S. PPP projects 
was reviewed and findings summarized, as a solid foundation for the study and to 
identify gaps in knowledge. Then, definitions of PPP contracting methods and financing 
sources are reviewed to help determine how the authors will select projects for this study. 
The differences between funding and financing are also addressed. 
4.3.1 Studies on PPP Financing in the U.S. Transportation Sector 
In 2014, the Transportation Infrastructure Committee (TIC) of the U.S. Senate detailed 
the current state of financing in the PPP industry (TIC 2014). The report quantifies the 
use of innovative, federal and private financing mechanisms for transportation PPPs, 
which include Transportation Infrastructure Finance and Innovation Act (TIFIA) loans 
and private activity bonds (PAB). As of August 2014, TIFIA loans had contributed 
approximately $19.5 billion in credit assistance to help finance 48 projects. Thirty of 
these projects are considered to be PPP arrangements, while the other 18 are other 
regionally significant non-PPP transportation projects. The report states a majority of new 
major PPP transportation infrastructure projects utilize PAB as part of their financing 
package. Furthermore, at the time of this writing, the United States Department of 
Transportation (USDOT) Federal Highway Administration (FHWA) website for 
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integrated project delivery shows TIFIA loans had contributed $23.1 billion to help 
finance 59 projects as of February 2016 (USDOT 2016). 
PWF (2014) analyzed public and private funding involvement for 20 completed 
and ongoing PPP projects in the U.S. transportation sector. The article indicated PPP 
projects are leveraging nearly double the amount of state and local funds and TIFIA loans 
as compared to their private counterparts in terms of debt and equity. This PWF article 
formed the basis for collecting and analyzing this type of data for all available projects in 
this paper. 
Kile (2014) presented a report to the U.S. House of Representatives PPP 
Committee on Transportation Infrastructure based on a study of public and private 
financing contributions for 10 completed and nine ongoing PPP projects in the U.S. 
transportation sector. For the 10 completed projects, the author found there was little 
evidence that PPP arrangements provided substantial additional resources for roads and 
highways. The author indicated the projects that made use of private financing did so in 
states where the government could have issued bonds to finance the work through 
traditional means. Moreover, the author noted while PPP arrangements did not offer 
substantial additional resources, they did accelerate a project’s access to financing 
through private means. For the nine ongoing projects, the author noted new projects are 
actively reducing their borrowing costs by taking advantage of TIFIA loans and private 
activity bonds (PAB). An additional key learning from the report is that assessing the 
financial efficiency of PPP infrastructure projects is challenging, mostly due to limited 
data and research on the subject. 
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 A study conducted by Ashuri and Mostaan (2015) shows for the years 2000 to 
2014 there are approximately 46 projects in the U.S. associated with some type of private 
financing. These include design-build-finance (DBF) and DBFOM PPP projects for 
large-scale highway construction. The authors documented and categorized the type of 
project and department of transportation (DOT) perspectives when choosing whether or 
not to use private financing. Some key points from the paper are that 22 state DOTs have 
authorized the use of private financing; however, only 12 DOTs have utilized the various 
private financing methods available to them. The main reasons are legislative and 
statutory limitations from state and government levels, and higher financing costs 
associated with private funding versus conventional funding mechanisms. Moreover, the 
states that most utilize private financing are Florida, Texas and Virginia with 17, 5 and 7 
projects, respectively. 
Zhenhua et al. (2015) conducted a meta-analysis of 95 empirical studies that 
adopt actual infrastructure financial data in the global PPP transportation market. The 
authors grouped these 95 studies into five research themes; performance, contracts, risk, 
value-for-money (VFM), and institutional issues. Multinomial logistic regression was 
used to determine relative influence factors of nine different data types on each research 
theme, i.e. which data types hold the most influence on determining what type of research 
is conducted. Of particular interest is the ‘contracts’ research theme, which includes 
studies that investigate the organizational structure or financial composition of PPP 
projects. Zhenhua et al. documented only three such studies that focus on ‘contracts’ 
targeting the U.S. market. It is apparent from this article that financial analysis of PPP 
transportation projects in the U.S. is lacking. 
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 Finally, the authors have recently benchmarked public and private funding 
contributions for 26 design-build-finance-operate-maintain (DBFOM) PPP projects in the 
U.S. transportation sector. The study showed public and private contributions each 
accounted for approximately half of total investments, leading to the conclusion that 
DBFOM represents a “true” partnership between the public and private sectors due to the 
comparable investment amounts. Additionally, the authors also have benchmarked 
project performance metrics of PPP projects (Ramsey and El Asmar 2015a; Ramsey and 
El Asmar 2015b). 
4.3.2 PPP Definitions and Financing Sources 
The USDOT FHWA defines PPP as “a contractual agreement formed between a public 
agency and a private sector entity that allows for greater private sector participation in the 
delivery and financing of transportation projects” (FHWA 2015). Subsequently, a PPP 
does not constitute any single project delivery method; instead there are many delivery 
methods under the PPP umbrella depending on how the PPP definition is interpreted. The 
National Council for Public Private Partnerships (NCPPP) has defined 18 separate 
methods that can be considered PPP (NCPPP 2015). Additionally, the literature regarding 
the definitions and types of PPP is rich (Hodge and Greve 2007 and 2009). Consistent 
with most of the available literature (World Bank 2009, EnoTrans 2015) the authors use 
the existence of private finances (to leverage public finances) as the defining 
characteristic of a PPP. Figure 24 has been created to show the specific methods 
considered for this study. First, at the left end are the two non-PPP delivery methods that 
are fully financed through public sources and form a baseline for comparison. At the right 
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end are the two PPP delivery methods that utilize a combination of public and private 
sources to finance transportation projects and can be seen as an extension of the baseline 
methods. 
Design-Build
(DB)
Design-Build-
Operate-Maintain
(DBOM)
Design-Build-
Finance
(DBF)
Design-Build-
Finance-Operate-
Maintain 
(DBFOM)
PPP Methods
Baseline for this 
Study
 
Figure 24: Project Delivery Methods 
Table 20, adapted from Barutha and Scheepbouwer (2016), complements Figure 
24 and provides an overview of the two non-PPP delivery methods used as the baseline in 
this paper (DB and DBOM) and the two PPP delivery methods investigated in this paper 
(DBF and DBFOM). 
Table 20: Common Alternative Delivery Options 
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Definition 
X X    Design-Build (DB)* is an alternative project delivery 
system that is distinguished by a DB team acting as the 
single point of responsibility for a project in which the 
design and construction phases overlap. The private sector 
designs and constructs an infrastructure project with no 
added financial involvement beyond that. 
X X  X X Design-Build-Operate-Maintain (DBOM)* is similar to 
DB except the private sector also operates and maintains 
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the facility for a certain period of time. Financing is still 
secured by the public sector. 
X X X   Design-Build-Finance (DBF)* combines the efficiencies 
of DB with partial financing provided by the private 
sector. 
X X X X X Design-Build-Finance-Operate-Maintain (DBFOM)* 
involves a risk transfer of design, construction, finance, 
operations and maintenance to the private sector. These 
projects are partially financed through private debt and 
equity. 
*Sources: Zhao et al. (2011), PWF (2014), FHWA (2015), Bahrevar et al. (2015), 
Barutha and Sheepbouwer (2016), Ramsey et al. 2016 
 
PPP emphasizes sharing financial responsibility between the public and private 
sectors in order to deliver a project and its related services. By expanding the 
responsibility of the private entity, the public entity is better able to utilize the 
technological, managerial and financial resources of the private sector to leverage often-
scarce public funds and potentially expedite the delivery of a project (FHWA 2011a; 
FHWA 2011b; FHWA 2015). Moreover, the use of PPP to provide access to innovative 
financing mechanisms has grown particularly in the last decade (Zhenhua et al. 2015) and 
as such, the sources for these finances are especially important to analyze. 
However, before these sources of financing are discussed further, a brief 
discussion is warranted to explain the differences between the terms funding and 
financing. Transportation investments require a funding source to pay for upfront capital 
improvements and ongoing operation and maintenance. One of the most widely held 
misconceptions about public-private partnerships is that the private sector provides 
funding for infrastructure projects (ENO Transportation Group 2014). In fact, private 
partners do not provide funding; they help assemble financing packages that may include 
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private loans or bonds, which require repayment. In order to repay project debt, there 
must be a secure, sustainable, and long-term funding source. Typically in PPP projects, 
this funding comes from toll revenues or dedicated state or local tax revenues. Funding 
and financing are not the same, but both are necessary for a PPP to work: in short, the 
public sector can provide funding through state and local sources and the federal 
government can provide funding through grant programs, the federal government can 
also provide financing through loan programs, while the private sector provides financing 
through debt, equity and other means such as through private activity bonds (FHWA 
2011a, 2011b; ENO Transportation Group 2014). 
Therefore, in this paper “financing sources” refer to the funds acquired to pay for 
the project’s full development. Standardized definitions of the types of financing for PPP 
transportation projects were documented and outlined (Dierkers and Mattingly 2009; 
World Bank 2009; Bahrevar et al. 2014; TIC 2014; FHWA 2015). These sources of 
financing are discussed and then summarized in Table 21. 
Federal Financing Sources 
1. Federal Funds – Federal financing programs include the following: Federal 
Transportation Administration (FTA) New Starts Program, America Recovery 
and Reinvestment Act (ARRA) grants, FHWA Transportation Investment 
Generating Economic Recovery (TIGER) grants, Grant Anticipation Revenue 
Vehicle (GARVEE) bonds, Federal Surface Transportation Program Grants, the 
Highway Trust Fund, and Federal Transit Capitol Grants. 
2. Transportation Infrastructure Finance and Innovation Act (TIFIA) – TIFIA is a 
federally funded loan program which provides federal credit assistance to 
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nationally or regionally significant transportation projects. TIFIA provides three 
forms of assistance through direct loans, loan guarantees, and lines of credit. 
Additionally, eligible projects for TIFIA assistance must be supported by non-
federal financing sources and be specifically established to attract private finance 
in transportation infrastructure. Furthermore, under the new Moving Ahead for 
Progress in the 21
st
 Century (MAP-21) legislation, a TIFIA loan can cover up-to 
49 percent of the total project cost. 
State and Local Public Financing Sources 
3. State/Local Funds – State transportation revenue from traditional sources account 
for the majority of state spending on transportation infrastructure projects. The 
funding sources under this category include the following: fuel taxes, sales taxes, 
vehicle registration fees, general obligation bonds, public toll revenue, general 
funds, and other sources such as fees and ancillary taxes. 
Private Financing Sources 
4. Private Activity Bonds (PAB) – PAB are debt instruments issued by or on behalf 
of local or state government whose proceeds are used to construct projects with 
significant private involvement. The issuance of PAB to surface transportation 
projects became available with the passage of the Safe, Accountable, Flexible, and 
Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU) in 2005. 
Moreover, PAB help to encourage additional investment in transportation projects 
by lowering the cost of capital for private sector investment through tax-exempt, 
low-interest borrowing. PAB are often credited with growing the PPP market in 
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the U.S. As of 2007, a majority of new major PPP transportation projects utilize 
PAB as part of their financing package. 
5. Private Debt – Private Debt contributions may be obtained from several sources. 
These include: Bank debt, commercial lenders, institutional investors, credit 
agencies, bilateral or multilateral organizations, and bondholders. 
6. Private Equity – Private Equity contributions are usually in the form of contractor 
equity in that the private contractor agrees to provide some of the project 
financing for the construction of the project. Equity contributions may also come 
from other sources such as: local investors, institutional investors, and bilateral or 
multilateral organizations. 
Table 21: Financing Sources 
Financing Source Category Description and/or Examples 
Federal Public 
Financing Sources 
Federal Financing 
Programs 
Federal Transportation Administration 
(FTA) New Starts Program, America 
Recovery and Reinvestment Act (ARRA) 
grants, FHWA Transportation Investment 
Generating Economic Recovery (TIGER) 
grants, Grant Anticipation Revenue 
Vehicle (GARVEE) bonds, Federal 
Surface Transportation Program Grants, 
the Highway Trust Fund, and Federal 
Transit Capitol Grants 
Transportation 
Infrastructure 
Financing and 
Innovation Act 
(TIFIA) Loans  
Federally funded loan program that 
provides assistance through direct loans, 
loan guarantees, and lines of credit 
State & Local 
Public Funding 
Sources 
State and Local 
Funds 
Fuel taxes, sales taxes, vehicle 
registration fees, general obligation 
bonds, public toll revenue, general funds, 
and other sources such as fees and 
ancillary taxes 
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Private Financing 
Sources 
Private Activity 
Bonds (PAB) 
Debt instruments issued by or on behalf 
of local or state government whose 
proceeds are used to construct projects 
with significant private involvement; 
nearly all new major PPP transportation 
projects utilize PAB as part of their 
financing package 
Private Debt Bank debt, commercial lenders, 
institutional investors, credit agencies, 
bilateral or multilateral organizations, 
and bondholders 
Private Equity Contractor equity and other sources: 
local investors, institutional investors, 
and bilateral or multilateral organizations 
4.4 Knowledge Gaps and Research Objectives 
 As shown in the literature review, specific studies regarding the financial 
composition of PPP projects targeting the U.S. transportation sector are lacking. Zhenhua 
et al. (2015) documented three such studies; however, these three studies only analyzed a 
handful of projects. Kile (2014) analyzed 19 projects and focused on institutional issues 
regarding PPP implementation in the U.S. PWF (2014) analyzed 20 projects and provided 
an overview of typical financing sources associated with these projects. Both studies also 
offered interesting perspectives regarding the downsides of private financing and the lack 
of research and data regarding PPP financial performance. Specifically, this new study 
builds on this past work by verifying financing data for these projects, conducting 
comparative statistical tests and quantifying financing through trend analysis. 
Furthermore, the literature identifies significant gaps in knowledge about PPP financial 
composition as follows: 
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1. Access to financial data can be daunting, particularity due to privately held 
databases usually requiring a fee to access the data, or proprietary rights to 
the analysis (Daito 2014; Kile 2014; Zhenhua et al. 2015) 
2. Assessing the financial performance of PPP is challenging due to limited 
data and research on the subject (Daito 2014; Kile 2014) 
3. Specific empirical studies targeting the U.S. market are lacking (Zhenhua 
et al. 2015) 
4. Case study analysis is more often used to assess PPP rather than 
comprehensive studies of performance and financial investments 
(Zhenhua et al. 2015) 
Therefore, project stakeholders might not be entirely cognizant of the variability 
of public and private funding linked to the two major procurement methods under the 
PPP umbrella. The overarching goal of this paper is to examine financing sources from 
both public and private perspectives to begin to address PWF’s questions regarding why 
and how benefits are created through private participation. The authors formulated 
specific research objectives to address the identified gaps in knowledge:  
A. Quantify all the available information for the six identified financing 
sources for existing PPP and non-PPP projects; and 
B. Pinpoint statistically significant differences and trends for the PPP and 
non-PPP financing sources. 
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4.5 Research Method 
The research method for this study follows the four key steps outlined in 
 
Figure 25. After the literature review was completed, the research plan consisted of the 
following: 1) identifying sources of PPP funding and data collection, 2) financial data 
verification, 3) categorization of projects by delivery method and 4) data analysis. 
 
Figure 25: Key Research Steps 
4.5.1 Step 1: Identifying Sources of PPP Financing and Data Collection 
The sources of public and private financing for PPP transportation projects in the 
U.S. (i.e. state & local funds, federal funds, TIFIA loans, PAB, private equity, and debt) 
were identified through professional datasets and publically available DOT websites. 
Specifically, three informational databases were used to collect funding source 
information for this study.  
First, PWF’s international projects database has listed and categorized a large 
number of projects that have utilized innovative financing methods globally since 1988. 
Specifically, 172 projects are listed in their U.S. transportation database (PWF 2014a). 
Precisely 133 of these projects had funding information available and were either listed 
as a DB, DBOM, DBF, or DBFOM project. The other 39 projects in this database were 
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management contracts, operations, maintenance or lease-improve contracts and were 
outside the scope of this study. 
Second, the FHWA website on integrated project delivery lists and categorizes 67 
transportation projects they consider as PPP (FHWA 2015). Specifically, 53 of these 
projects and funding data available and were either listed as DB, DBOM, DBF, or 
DBFOM, while eight have not yet reached financial close at the time of this writing and 
six are listed as lease-improve projects. 
Third, the Infra-Deals America database lists and categorizes 39 projects 
identified as PPP. Specifically, 31 of these projects had funding data available, two were 
duplicate listings of projects, and six were listed as lease-improve projects. The author of 
this dissertation triangulated the three different data sources and collected data for a total 
of 133 transportation projects that reached financial close between 1991 and 2015. Based 
on the authors definition criteria (e.g. having both public and private funds) 48 of these 
projects fall under this definition of PPP, while 85 of these projects only utilize public 
funds. 
4.5.2 Step 2: Financial Data Verification 
The author used a methodical approach to verify the financial data collected for 
this study. First, funding source information was cross-referenced between the three 
databases.  If there were no conflicting data between the three databases, the numbers 
were used. If any project only appeared in one database and wherever discrepancies 
between these databases were noted, the authors contacted key project constituents and 
set up structured interviews to verify financial data. Figure 26 shows the overlap of 
projects between each of the three databases. Twenty-five projects were cross-listed 
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between all three databases. Moreover, 53 projects were cross-listed between PWF and 
FHWA’s databases; 31 projects were cross-listed between PWF and Infra-Deal’s 
databases; and 25 projects were cross-listed between FHWA and Infra-Deals database. 
PWF’s database contained all 31 projects that appear in Infra-deals database and 
all 53 projects that appear in FHWA’s database. Between the three databases only seven 
projects had funding information that matched exactly. Therefore, the author verified 
financial information through structured interviews for the remaining 126 projects. 
Project constituents included facility managers, chief executive officers (CEO), chief 
financial officers (CFO), public information officers (PIO), contract engineers, project 
managers, operations directors, and legal representatives just to name a few. During the 
interviews, project constituents were asked to provide the latest funding information from 
their respective projects and to identify the funds as either public or private in terms of 
the six funding sources identified in this paper. Project costs ranged from $32 million to 
$5.68 billion, totaling approximately $103 billion in infrastructure project expenditures. 
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Figure 26: Project Information Databases (N=133) 
4.5.3 Step 3: Categorization of Projects by Delivery Method 
 The next step in this study was categorizing each project by delivery method in 
two distinct groups. The first group includes projects that were financed through only 
public contributions, and the second group is comprised of PPP projects that were 
financed through a combination of public and private sources. The comparative baseline 
of publically financed projects consists of DB and DBOM projects, while the PPP 
projects consist of DBF and DBFOM projects. These two distinct categories will allow 
for direct comparisons between public and private finances for the four delivery systems. 
4.5.4 Step 4: Data Analysis 
 Financial data was investigated both in absolute dollar amounts and relative 
percentages for each of the six identified sources. Financing information was also studied 
from a chronological perspective in order to understand the timing and amount of 
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resources being invested into PPP transportation projects. Financing of PPP projects 
(DBF+DBFOM) was compared to that of the baseline (DB+DBOM) projects using the 
Mann-Whitney-Wilcoxon (MWW) ranked sum test to determine if the observed 
differences are statistically significant. Among tests based on ranks, the MWW test is the 
most widely used because it is known to be extremely robust against non-normality and 
to have asymptotic power of at least 86% of that of the t-test over all numerical 
distributions (Lehmann and Romano 2008). Finally, linear regressions are applied to the 
each of the six financing sources to determine any chronological trends. Trend analysis is 
conducted in three steps similar to the method used by Vashani et al. (2016). First, trends 
are analyzed for the six financing sources on a per-year basis in order to determine any 
increases or decreases in financing over time. Second, a moving average is applied to 
better understand average total financing on a year-to-year basis. Third, trends are 
analyzed for cumulative total financing over the entire time period from 1991 to 2015. 
Cumulative total or cumulative sum regression analysis has shown promise in elucidating 
trends and patterns in time-series data for noise filtering (Tam 2009) and in the medical 
profession for monitoring and assessing clinical performance (Noyez 2014). The author’s 
intent is to apply this method to financial time-series data to determine if trends and 
patterns could also be discovered. Finally, the resulting regressions are used to forecast 
future financing for PPP and non-PPP methods. 
4.6 Data Characteristics 
This section presents the characteristics of the dataset collected for this study. These 
characteristics include geographical location, number of projects by state, and total 
investment. First, Figure 27(a) shows the geographical location of all 133 projects on a 
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state-by-state basis. Additionally, Figure 27(b) shows the geographical location of the 
two major PPP delivery methods. From Figure 27(b) it can be observed that 
transportation projects with a private financing component are prevalent in Texas and 
Florida, with other states having between 1 and 5 projects. Figure 28(a) compliments 
Figure 27(a) and shows the total financing for all 133 projects on a state-by-state basis. 
From Figure 28(a) on can observe that approximately 87 of all 133 projects (65 percent) 
come from just seven states: California, Colorado, Florida, New York, North Carolina, 
Texas, and Virginia. Furthermore, $78.7B of the total $103B in financing (76 percent) 
comes from these seven states. Moreover, Figure 28(b) compliments Figure 27(b) and 
shows the total financing for the 48 PPP projects in the dataset. It can be observed that 
just seven states; California, Colorado, Florida, Indiana, Texas, New York and Virginia 
represent the highest investment in PPP (DBF+DBFOM) transportation infrastructure, 
comprising $35.3 billion (90.9 percent) of total PPP investment across all states.  
One of the reasons for these states investing in the most PPP work is one of 
legislative acceptance of the two major PPP methods studied in this paper. Basically, 
these states have written their respective project delivery laws to cater to the use of PPP 
without hindering other procurement statutes (Geddes and Wagner 2010). Additionally, 
Pennsylvania DOT (PennDOT) currently has six PPP projects that have been approved 
since the state’s enabling legislation was passed in 2012. The most notable of these 
projects is the Rapid Bridge Replacement Program which will be used to replace 558 
bridges across the state and will be completed in December of 2017. The other five 
projects include State Farm sponsoring a highway safety patrol, developing a next 
generation 511 information system for motorists, constructing compressed natural gas 
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fueling stations, constructing wireless transmission towers and developing a new truck 
permit routing system for the issuance of special hauling permits. 
 
 
Figure 27: Geographical Location of (a) All Projects, N=133 (b) PPP Projects Only, 
N=48 
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Figure 28: Financing and Projects by State (a) All projects, (N=133); (b) PPP 
Projects Only, (N=48) 
Project data was compiled and analyzed, and the research results present the sources of 
financing for all projects in terms of both public and private contributions. First, absolute 
and relative financing amounts are presented for all 133 projects in the dataset and are 
then broken down based on the four delivery systems. Each delivery system is presented 
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starting with the two non-PPP methods (DB and DBOM), then moving to the two PPP 
methods (DBF and DBFOM). Second, quantitative results from the statistical analysis 
and trend analysis are presented followed by discussion, conclusions and 
acknowledgements. 
 Figure 29(a) shows the aggregated financing data for all 133 projects in the 
dataset presented through a pie chart. The dotted pattern represents state and local 
financing, solid colors represent federal financing and hatched patterns represent private 
financing in terms of PAB, debt and equity. A couple of general observations can be 
noted in Figure 29(a). First, state and local contributions account for $56.6 billion (55 
percent) of the total; this is the largest total contribution by a wide margin. Next, federal 
and TIFIA financing account for $29.05 billion (28 percent) of the total. Subsequently, 
private financing in terms of PAB, debt and equity account for $17.27 billion (17 percent) 
of the total $103 billion. Overall, public versus private financing accounts for an 83:17 
percent split across all 133 projects. 
 Further representation of the data can be seen in Figure 29(b), which shows 
funding on a chronological per-year basis for the six financing sources. Notice the solid 
arrow that points to the year 2008, which marks the Great Recession. State and local 
financing data for this period is corroborated by what was reported by Jonas (2012) who 
showed that state and local financing in transportation infrastructure decreased 
substantially between the years 2007 and 2008. Furthermore, increased state/local 
financing along with renewed federal and TIFIA support can be observed for 2009-2014. 
In fact both public and private contributions for this five year period account for 
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approximately $60.89 billion (59 percent) of the total $103 billion. Moreover, 58 projects 
were procured within this five year time frame. 
 
 
Figure 29: Aggregated Financing for (a) All Projects, (b) Financing per Year, 
(N=133) 
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4.7 Descriptive Results: The Baseline 
This section breaks down the financing information based on the two non-PPP delivery 
systems and forms the baseline for comparison with the two major PPP delivery systems. 
First DB projects are discussed, followed by DBOM and then combined to form the 
baseline for comparison. 
4.7.1 Comparative Baseline (1 of 2): DB 
DB combines the design and construction phases into a single contract. This is in contrast 
to the traditional Design-Bid-Build (DBB) approach, in which the design and 
construction are awarded separately to different entities. By combining the risk and 
responsibility of designing and building, DB has proven to save time and resources over 
its traditional counterpart (Konchar and Sanvido 1998; Gransberg et al. 2000; El-Wardani 
et al. 2006; El Asmar 2010; Zhao et al. 2011; Ramsey et al. 2016). Additionally, DB 
private entities are only involved in the design and construction phases with no financial 
involvement beyond that; therefore, while DB forms the basis for PPP contractual 
arrangements, there is varied opinion on whether DB truly represents the conventional 
definition of a PPP (Hodge and Greve 2007, 2009; Istrate and Puentes 2011). Regardless, 
the public financing contributions of DB transportation projects are offered as baseline 
for comparison. 
Figure 30(a) shows the absolute and relative financing for the 75 DB projects in 
the dataset. State and local contributions account for approximately $40.5 billion (70 
percent) of the total $57.5 billion. An interesting observation arises as 19 of the 75 DB 
projects are toll roads with a portion of the funding coming from revenue bond proceeds. 
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This funding mechanism is particularly important because revenue bonds are a special 
type of municipal bond where repayment of the bond is guaranteed through revenue 
generating capabilities of the infrastructure facility, i.e. tolls rather than through taxes. 
 
 
Figure 30: DB Projects (a) Aggregated Financing and (b) Financing per Year 
(N=75) 
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Next, federal financing programs including TIFIA account for approximately 30 percent 
of the total $57.5 billion. Further observation from Figure 30(b) indicates that federal 
contributions were scarce over the time period of 1995 – 2005. Prior to 2005, access to 
federal money was difficult for transportation projects due to complex legislative 
requirements and administrative “red tape” (Levy 2011). These burdens were relieved 
with the passage of SAFETEA-LU in 2005 which authorized $244.1 billion in surface 
transportation funding. Moreover, this program also introduced legislation that 
restructured the TIFIA loan program which lowered the threshold cap for total project 
cost from $100 million to $50 million, thus allowing for more projects to apply for the 
program. At the time of this writing, the SAFETEA-LU program had expired on 
September 30, 2013. 
In terms of federal contributions within the time period, from 1991 to 2005 
federal financing programs and TIFIA had invested approximately $4.24 billion (24.6 
percent) into just seven DB projects. The most significant of investment from TIFIA was 
a $900 million dollar loan in the Central Texas Turnpike System. After 2005, federal 
financing programs and TIFIA provided approximately $12.71 billion (75.1 percent) to 
17 DB infrastructure projects. The most significant of these TIFIA loans were for the 
Dulles Metrorail Silver Line and the Tappan Zee Bridge Reconstruction Project at $1.87 
billion and $1.6 billion, respectively. Overall, after 2005 the federal government 
significantly increased its contributions to DB projects, providing approximately three 
times more financing into approximately twice the amount of infrastructure in time 
period of 2005 to 2013. 
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4.7.2 Comparative Baseline (2 of 2): DBOM 
DBOM is a combined delivery approach, in which a private contractor designs, 
constructs, operates, and maintains the facility for a specific period of time meeting 
specific performance requirements. The private contractor is typically compensated in the 
form of availability payments based on a given performance level. Because private 
finance is not required, the public sector retains full financial responsibility for financing 
these projects (Zhao et al. 2011; PWF 2014a; FHWA 2015). 
Figure 31(a) shows the absolute and relative financing contributions for the 
DBOM projects in the dataset. A couple of general observations can be noticed from the 
chart. First state and local finances account for approximately $5.76 million (89.3 
percent) of the total amount. Second federal financing, including TIFIA, account for 
approximately $691 million (10.6 percent) of the total. Overall, federal financing is much 
less on DBOM projects due to the increased perception of risk for the project’s revenue 
generating capabilities (AECOM 2007a; Infrastructure Management Group (IMG), Inc. 
2013). In fact, only three DBOM projects have received any type of federal financing. 
 Following the format similar to the DB projects, further representation of the data 
comes from the breakdown of financing on a per-year basis, as shown in Figure 31(b). 
From the histogram several nuances about the financing of these projects can be 
observed. First, only one project, The BART-Oakland International Airport Connector, 
has received a TIFIA loan and a relatively small one at $105.7 million. Second, federal 
support has only been received on two other DBOM projects. The first project was U.S. 
Highway 550 in New Mexico, which received financing in the form of federal bonds with 
no state back-up in order to guarantee repayment. Instead repayment of the bond was 
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guaranteed through a future federal grant agreement (FHWA 2015). The second project 
was the I-35E Managed Lanes Project, which received a Federal Transit Authority (FTA) 
grant of $460 million. A final observation can be noted that there are significant gaps in 
the procurement of DBOM infrastructure projects. Overall, there are very few DBOMs in 
the U.S. transportation sector. 
 
 
Figure 31: DBOM (a) Total Financing and (b) Financing per Year (N=10) 
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4.7.3 Comparative Baseline (total): DB+DBOM 
This section combines the results from the DB and DBOM delivery systems to form the 
baseline for comparison with the two major PPP delivery methods. Figure 32(a) shows 
the combined datasets for DB+DBOM in a pie chart, similar to Figure 30(a) and Figure 
31(a) for DB and DBOM, respectively. Some general observations can be noted from the. 
First, state and local financing make up $46.2 billion (72 percent) of the total $63.97 
billion. Federal financing contributed $9.22 billion (15 percent) and TIFIA loans 
contributed $8.5 billion (13 percent). Overall, when combining the DB and DBOM 
datasets the pie chart shifted slightly in terms of state/local and TIFIA financing. 
Figure 32(b) shows the breakdown of the financing data on a per-year basis for 
the combined DB and DBOM datasets. Overall, Figure 32(b) follows a similar pattern to 
Figure 30(b) and Figure 31(b) and shows state/local, federal and TIFIA financing over 
the time period of 1991 to 2014. 
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Figure 32: DB+DBOM (a) Total Financing and (b) Per Year (N=85) 
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of the construction financing and to be paid back either through milestone payments or 
completion payments made from public funds. These arrangements are typically short-
term in nature and repaid at construction completion or extending only a few years later. 
DBF is most often used when there is a full funding agreement in place with funds 
flowing into the project later than construction needs require, in cases where the 
contractor will be repaid in one lump sum upon full completion, or in cases of emergency 
on the part of the public sponsor (Zhao et al. 2011; PWF 2014a; FHWA 2015). 
Figure 33(a) shows the absolute and relative financing contributions for the 21 
DBF projects in the dataset. Several general observations can be noted from the pie chart. 
First, state and local financing totaled $4.41 billion (45.5 percent) of the total. Federal 
financing, including TIFIA, account for $2.69 billion (27.7 percent) and private 
financing, which include debt and equity, account for $2.59 billion (26.7 percent) of the 
total. 
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Figure 33: DBF (a) Total Financing and (b) Per Year (N=21) 
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the SH 601 Liberty Expressway and the Florida Department of Transportation (FDOT) 
procures the IROX I-75 project. Subsequently, DBF is then heavily utilized by FDOT. In 
fact, 12 of the 21 DBF projects in the dataset were all procured by FDOT between 2007 
and 2012. Moreover, the Florida state legislature has written it into their PPP statutes that 
there “is a public need for the rapid construction of safe and efficient transportation 
facilities for the purpose of travelling within the state” (Florida Senate 2014). 
Furthermore, 8 of the 13 projects from FDOT received considerable federal support, 
anywhere from 55 to 92 percent of the total project cost. Ultimately, FDOT has found 
considerable value in utilizing DBF to deliver critical transportation infrastructure due to 
the short-term construction financing that can be procured by the private entity in order to 
accelerate construction times without having to wait on future capital funds (PWF 
2014b). 
4.8.2 PPP Financing (2 of 2): DBFOM 
DBFOM is an extension of DBOM in which the private sector also provides some or all 
of the project financing. This delivery approach increases incentives for overall value-for-
money considerations because the private sector assumes a combined responsibility in 
finance, design, construction, operations and maintenance. The sponsoring government 
agency retains ownership of the facility (Zhao et al. 2011; PWF 2014a; FHWA 2015). 
Figure 34(a) shows the absolute and relative financing contributions for the 27 
DBFOM projects in the dataset. From Figure 34(a), state and local financing account for 
approximately $5.73 billion of infrastructure development (19.8 percent); while federal 
financing and TIFIA accounts for $8.64 billion (29.8 percent). Private financing (PAB, 
debt and equity) totaled $14.63 billion (50.4 percent). In other words, private financing 
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allows for a doubling of the available funds for this subset of projects; however, recall 
that private financing is not “free” money and requires repayment through dedicated 
revenue sources. Moreover, federal financing (which include federal programs and 
TIFIA) are about 10 percent higher than state/local funds, indicating a higher level of 
federal involvement over their state and local counterparts. Overall, when considering 
total infrastructure investment of $28.9 billion; public and private financing each account 
for approximately half of the total DBFOM funds making this PPP delivery method a 
“true partnership” between public and private entities. 
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Figure 34: DBFOM (a) Total Financing and (b) Financing per Year (N=27) 
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Further analysis of the data can be observed in Figure 34(b), which shows the 
DBFOM financing breakdown on a per-year basis. Several noteworthy observations are 
realized when presenting the financial information in this manner. 
 TIFIA loans become extremely prevalent within DBFOM infrastructure from 
2007 onward. 15 DBFOM projects in this dataset account for approximately 
$7.54 billion of the total $23.1 billion from the TIFIA loan program 
nationally. 
 After 2003, state and local funding of DBFOM infrastructure increased 
substantially. 
 Equity investments in DBFOM projects accounted for $92 million prior to 
2003. After 2003, coinciding with the prevalence of TIFIA loans and 
increasing state/local financing, equity financing accounted for $3.84 billion, 
which constitutes a 40-fold increase in equity investment in DBFOM 
infrastructure. 
 The SAFETEA-LU program was enacted in 2005. One provision within this 
legislation allows state and local governments to issue tax-exempt PAB for 
surface transportation infrastructure development. The I-495 Capital Beltway 
High Occupancy Toll Lanes was the first DBFOM to receive a PAB to help 
finance the project. Since 2007, PABs have been present in 12 of 18 (66%) 
new DBFOM infrastructure projects, which constitute a majority of all new 
PPP infrastructure development (TIC 2014). 
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4.8.3 PPP Financing (total): DBF+DBFOM 
This section combines the DBF and DBFOM datasets to form the baseline for 
comparison with the two non-PPP counterparts (DB and DBOM). Figure 35(a) shows the 
combined DBF + DBFOM datasets for the six financing sources similar to Figure 33(a) 
and Figure 34(a) for DBF and DBFOM, respectively. Notice from Figure 35(a) that the 
pie chart shifts slightly when combining the two datasets in favor of public contributions, 
i.e. state/local, federal and TIFIA. The pie shows public contributions about for 
approximately 55 percent of the total $38.6 billion while, private contributions account 
for approximately 45 percent of the total. The overarching observation from this pie chart 
is that these two major PPP delivery methods represent a true partnership between the 
public and private sectors given the similar investment amounts. Figure 35(b) show the 
combined DBF + DBFOM datasets broken down on a per-year basis. This figure is very 
similar to what was shown previously in Figure 34(b) for DBFOM projects. Once again, 
state and local investments in projects with a private financing component were not very 
prevalent prior to 2007. After 2007, coinciding with the SAFETEA-LU enacted in 2005, 
TIFIA loans and PAB become extremely prevalent in PPP infrastructure projects. 
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Figure 35: DBF+DBFOM (a) Aggregated Financing and (b) Financing per Year 
(N=48) 
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MWW test. Trend analysis is then conducted in order to determine any underlying trends 
in the data and to forecast future investments based on the combined datasets for 
DB+DBOM and DBF+DBFOM for the six aggregated financing sources. 
Table 22 shows descriptive statistics for each of the six financing sources across 
the four delivery systems and the combined datasets showcasing the mean and standard 
deviation. The bottom of Table 22 shows the total financing for each of the delivery 
systems and the combined datasets. Some general observations are as follows. First, 
mean state/local financing is similar between DB and DBOM projects; however, total 
financing for DB projects is much greater than for DBOM. Additionally, there is much 
more variance in DB financing versus DBOM across all three public financing sources 
due to DB project cost ranging from a minimum of $32 million to a maximum of $5.68 
billion dollars; while DBOM projects are slightly less variable ranging from $80 million 
to $1.8 billion in project cost. Second, mean federal financing is highest for DB and DBF 
and lowest for DBOM and DBFOM. This means that DB and DBF projects are taking the 
most advantage of federal grant programs (excluding TIFIA which is a federal credit 
program); while DBOM and DBFOM are receiving less federal grants. Recall that 
DBOM projects as a whole received approximately nine percent in federal grants over the 
10 projects. Third, mean TIFIA loan financing is highest for DBFOM and then DB, and 
likewise, lowest for DBOM and DBF. TIFIA loans are most suited for DBFOM projects 
because of the required revenue source to guarantee repayment on the loan itself and any 
other debt on the project (EnoTrans Group 2014). DBF projects are less suited for TIFIA 
loans due to the fact that there are no guaranteed sources of revenue from these projects, 
and the short-term construction financing is typically paid back through availability 
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payments from the state or local sponsor (usually a DOT or transportation authority). For 
private contributions, PAB have only been used by DBFOM (except for one DBF 
project) as part of their financing package. The use of PAB nearly exclusively for 
DBFOM projects is mostly due to federal regulations, specifically Title 23 from the Code 
of Laws of the United States, which generally prohibits tolls on existing highway and 
interstate infrastructure; however, since DBFOM infrastructure projects are new 
construction they are allowed to be tolled. 
Table 22: Descriptive Statistics (N=133) 
Data 
Attribute 
Statistic Baseline PPP 
DB 
(N=75) 
DBOM 
(N=10) 
DB+ 
DBOM 
(N=85) 
DBF 
(N=21
) 
DBFOM 
(N=27) 
DBF+ 
DBFOM 
(N=48) 
State/Local 
($ millons) 
Mean 539.8 576.8 544.2 210.1 215.3 211.3 
SD 686.7 573.6 671.5 319.0 283.5 291.1 
Federal 
($ millons) 
Mean 115.1 58.5 108.5 94.7 40.6 64.3 
SD 250.1 144.5 240.1 137.2 209.2 181.6 
TIFIA 
($ millons) 
Mean 111.9 10.6 100.0 33.3 279.3 171.8 
SD 327.4 33.4 309.3 106.6 323.3 279.1 
PAB 
($ millons) 
Mean N/A N/A N/A 0.2 173.9 97.9 
SD N/A N/A N/A 0.7 244.4 201.6 
Debt 
($ millons) 
Mean N/A N/A N/A 93.4 221.7 165.6 
SD N/A N/A N/A 264.3 279.2 277.5 
Equity 
($ millons) 
Mean N/A N/A N/A 29.9 148.7 94.9 
SD N/A N/A N/A 60.4 165.8 142.1 
Total Amount  
($ billions) 
57.51 6.46 63.97 9.69 28.98 38.68 
 
Table 23 shows the results of the MWW test. Direct comparisons were made between 
differences in the median percentages for each of the public financing sources across the 
combined baseline and PPP methods. Resultant p-values for these comparisons can be 
observed in the left side of the table. Notice for PAB, debt and equity there were no 
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comparisons made due to the fact that the baseline projects do not utilize private 
financing methods so there is nothing to statistically compare. A second observation 
stems from the fact that comparison of the TIFIA loan amounts between the PPP and 
baseline methods resulted in a p-value of 0.017. This indicates that PPP methods are 
better utilizing TIFIA loans in the financing of these projects. A final observation stems 
from the comparison in the differences of state/local contributions between the PPP and 
baseline methods. This resulted in a p-value of less than 0.001, which indicates that the 
baseline projects are receiving more public financing than their PPP counterparts. This is 
expected because the baseline projects were mostly financed from state and local sources. 
Table 23: MWW Test Results (N=133) 
Data 
Attribute 
Statistic Baseline PPP MWW Results 
DB+DBOM 
(N=85) 
DBF+DBFOM 
(N=48) 
P-Value 
State/Local Mean 83% 24% <0.001* 
SD 28%   25%  
Federal Mean 12% 16% 0.983 
SD 25% 29%  
TIFIA Mean 5% 12% 0.017* 
SD 11% 16%  
PAB Mean N.A. 7%  
SD N.A. 15%  
Debt Mean N.A. 28%  
SD N.A. 37%  
Equity Mean N.A. 13%  
SD N.A. 18%  
*Indicates significance at <0.05 
4.9.1 Regression Analysis 
This section presents the results of the regression analysis conducted on each of the 
financing sources for the baseline and PPP datasets. Baseline public financing sources are 
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presented on a per-year basis and trend lines are applied to each of the three public 
financing sources. A couple of noticeable trends are prevalent from this analysis. First, 
for state and local financing, applying a simple linear regression resulted in an R
2
 value 
of 0.16 indicating that the model is not a very good fit to the data. However, even though 
the R
2
 values for state/local financing is low there is a discernable upward trend as 
evidenced by the positive a1 variable in the regression equation. Additionally, similar R
2
 
values were produced when applying a simple linear regression to federal financing and 
TIFIA loans over the time from 1991 to 2015. Moreover, discernable upward trends were 
noticed for these equations as well. 
 Next a moving average is applied to state/local, federal and TIFIA financing 
sources, in order to determine fluctuations in the average on a year-to-year basis. For 
state/local financing heavy fluctuations are apparent between 2010 and 2014. For federal 
average total financing seems to be constant for any given year-to-year calculation. 
Finally, average TIFIA financing in DB projects is relatively flat from the period of 2001 
to 2007. TIFIA support in DB is rather pronounced from 2007 onward, as evidenced by 
increases in the average from 2007 to 2014. 
 Finally, trend analysis is applied to cumulative total financing for all three 
financing sources for the baseline dataset, as shown in Figure 36. The trend models are 
very robust and offer an excellent fit to the data as evidenced by the high R
2
 value for all 
three regression equations.  For state and local financing they trend upward. This pattern 
is repeated for federal and TIFIA loans as well. Forecasting analysis is also completed for 
the three financing sources. For all three sources, based on these models, the expected 
public contributions steadily increase through the year 2020. 
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Figure 36: DB+DBOM Regression Analysis (Cumulative Total Financing, N=85) 
 Next, regression analysis is applied to the combined DBF+DBFOM data sets for 
each of the six financing sources. However, due to the amount of information displayed 
on each graph, financing sources are broken down by public and private sources. 
Regression analysis is applied to state and local financing for the combined 
DBF+DBFOM datasets. First, state and local financing have a slight upward trend, while 
federal and TIFIA have a noticeable downward trend. The most interesting part of this 
analysis is the downward trend associated with TIFIA loans. This trend might be 
corroborated with the newly passed FAST bill that reduces TIFIA spending from $1 
billion per-year to $275 million per-year; however, this has yet to be seen since at the 
time of this writing the bill was passed in December of 2015. 
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 Following its public counterparts, regression analysis is next applied to private 
financing sources on a per-year basis. First, the trend models for PAB and debt are rather 
weak, as evidenced in the low R
2
 values. The trend model for equity shows an upward 
trend in equity over time; however the R
2
 value is still rather low. Overall, private 
financing sources seem to be scattered on a per-year basis, with no discernable trends in 
the data. Second, moving averages are applied to both public and private sources to 
determine any fluctuations in financing on a year to year basis. Averages for all public 
sources on a year-to-year basis are rather static from 2000 to 2005, with sharp increases 
through 2010. The average then fluctuates with another sharp increase in 2012 for 
state/local and TIFIA loans, but not for federal. 
 Next moving averages are applied to the private financing sources for the 
combined DBF+DBFOM datasets. There is much more fluctuation in these averages than 
in the public sources. First, average debt financing is rather static from 1993 to 1995 and 
subsequently the average spikes from 1997 to 2001 before falling off again. Furthermore, 
there is very little debt financing between 2001 and 2006, after which debt financing 
fluctuates between 2007 and 2014, before falling off again in 2015. Second, there are 
sharp fluctuations in the moving average for PAB from 2008 to 2015; increasing and 
decreasing every other year, respectively. Lastly, average equity financing from 1993 to 
2006 are rather static, fluctuating very little within this time period. There is a sharp 
increase in equity from 2007 onward, which, once again, coincides with the passage of 
the SAFETEA-LU. Next, Figure 37 shows the regression analysis for the combined 
DBF+DBFOM datasets for public financing sources. Notice from the figure that the R
2
 
values for these models are rather good, indicating that discernable trends should be 
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realized through this analysis. For state/local financing and TIFIA loans, both are 
trending upward through the year 2020. Additionally, federal support is increasing rather 
steadily for the next five years. 
 
Figure 37: DBF+DBFOM Regression Analysis, Public Sources (Cumulative Total 
Financing, N=48) 
Last, regression analysis is applied to the private financing sources for the combined 
DBF+DBFOM datasets. Figure 38 shows the regression analysis applied to the 
cumulative total financing for PAB, debt and equity. First, from the graph, debt financing 
seem to be leveling out over the time period of 1993 to 2015. Second, for both PAB and 
equity financing, these funds are increasing rapidly. Additionally, forecasting for the 
years 2015 to 2020 is also completed for these private sources. Overall, PAB and equity 
financing are increasing while; debt financing seems to be leveling out through 2020. 
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Figure 38: DBF+DBFOM Regression Analysis, Private Sources (Cumulative Total 
Financing, N=48) 
4.9.2 Discussion: The Shifting Nature of PPP Finance 
 This section offers a high-level discussion related to the shifting nature of PPP 
finance in the current transportation market. First, federal financing programs and 
regulations are discussed within the greater context of PPP and the future of the use of 
these programs is speculated based on available literature. Next state PPP legislation is 
briefly discussed in the context of utilizing public funds on PPP projects. Finally, the 
status of the PPP market in the U.S. is briefly discussed along with the future of current 
investment routes. 
 The federal government’s role in supporting PPP for transportation projects has 
mainly come in the form of the TIFIA loan program and other federal programs such as 
the Federal Transit Authority’s New Starts program and through various other pilot 
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programs. The principal barrier to the expanded use of PPP is the federal limitation on 
tolling interstate highways (AECOM 2007b). Federal law prohibits tolls on existing 
highways; however, new construction that is not part of the existing interstate system 
may be tolled with the exception that the number of toll-free lanes remains the same. This 
is particularly important for PPP projects, because typically toll lanes are set-up parallel 
to existing interstate routes. Furthermore based on a USDOT (2015) report, the total 
demand to participate in the TIFIA loan program was $46.5 billion in 2013; however, 
only seven projects were awarded loans totaling approximately $8.3 billion. Moreover, 
since March of 2015, the TIFIA loan program has already received applications for more 
than $9 billion in funding (USDOT 2015); unfortunately numbers for 2014 were 
unavailable from this USDOT report. On a positive note, the United States Congress 
approved a new transportation bill, entitled Fixing American’s Surface Transportation or 
FAST, in December of 2015 that provides new sources of funding across highways, 
public transport, passenger rail, and highway safety programs over the next five years 
(approximately $305 billion). Unfortunately, and perhaps the most extreme change from 
this bill, are dedicated money for the TIFIA loan program was cut by nearly 70 percent, 
from $1 billion per-year to $275 million per-year. Moreover, the TIFIA loan program 
might become insolvent if new sources of funds are not found after the FAST bill runs its 
course. 
 State and local investments in PPP infrastructure have increased substantially with 
the prevalence of TIFIA loans. The authors speculate that this increased investment from 
state and local governments is due to the federal government offering substantially more 
support in the form of credit and loans from the TIFIA program and other innovative 
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financing techniques utilized by transportation entities. In terms of PPP financing, state 
and local governments are following suit from their federal counterparts when investing 
in public infrastructure with substantial private involvement. However, a report from 
AECOM (2007b) shows that states with PPP statutes have vastly different regulations 
when it comes to allowing the use of public funds on PPP projects. For example, Arizona 
recently revised its PPP statute in 2009 to include provisions for the guarantee of private 
funds when public money is involved; however, this legislation basically put a halt on 
any toll road projects being built in the state, making PPP with tolled concessions in 
Arizona impossible. Overall, the use of state, local or federal money on any PPP project 
is subject to the governing statute, which is different from state to state. Furthermore, 
state and local funds will continue to be used on PPP projects in the states where it is 
most advantageous to do so. 
 Perhaps the most interesting finding with regards to PPP financing is the amount 
of equity investment that private entities are offering on this subset of projects. When 
analyzing the combined dataset of DBF+DBFOM projects the authors found that prior to 
2005, total equity investment in PPP infrastructure totaled about $250 million, followed 
by a 17-fold increase in investment between 2007 and 2015, or $4.31 billion in total 
equity. According to literature findings from a 2015 USDOT report, equity investments 
have substantially increased due to PAB availability from the SAFETEA-LU enacted in 
2005 and from the restructuring of the TIFIA loan program. This federal program allows 
state and local municipalities to issue tax-exempt bonds to projects with significant 
private involvement. Due to the nature of the bond itself, the tax exempt statutes allow 
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for low borrowing rates, thus encouraging more private investments as compared to pre-
2005 levels. 
 Finally, the current state of the PPP market in the U.S. lags behind the rest of the 
world as evidenced in a multitude of literature (Istrate and Puentes 2011; Reinhardt 2011; 
Eno Transportation Group 2014). According to a 2014 report from the Eno 
Transportation Group, out of all global PPP investments from the years of 1985 to 2011, 
the U.S. made up just nine percent of these investments. Additionally, from 2007-2011, 
PPP projects in the U.S. accounted for only two percent of overall capital investments 
and nearly 75 percent of these investments have occurred in just seven states (California, 
Colorado, Florida, Indiana, New York, Texas, and Virginia). Overall, legislative barriers 
and lack of regulatory frameworks for the use of PPP has stymied its adoption in many 
states across the U.S. 
4.10 Conclusion 
PPP provides innovative financing methods that transportation entities can utilize 
to deliver their critical infrastructure projects. This paper explores the two key 
procurement methods under the larger PPP umbrella: DBF and DBFOM, as well as other 
delivery systems used as a baseline which include DB and DBOM. The results show 
DBF increases the private sector role by expanding their responsibilities in financing of a 
project, usually paid back through guaranteed revenue from the state or local sponsor. 
From the analysis, DBF projects leveraged approximately $2.59 billion (26.7 percent) in 
private financing to help deliver 21 transportation infrastructure projects. Even more 
interestingly, DBFOM allows for almost doubling the financing available for these 
projects; however recall that a majority of this financing is through debt mechanisms 
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(TIFIA loans, bank debt, equity, and PAB) and must be repaid through guaranteed 
revenue sources. Finally, the main result of this study quantifies the economic 
competitiveness of PPP projects to leverage public financing. Based on the analysis, PPP 
projects were able to leverage public funds on a 1.2:1 basis, meaning that for every $1.20 
of public money, $1 dollar of private money was able to be financed for these projects. 
These findings fill a gap in PPP knowledge by presenting a financing source analysis 
from both public and private perspectives. 
Overall, this study presents a U.S. national benchmark of project financing 
information based on data from 133 projects in the transportation sector, which is 
inclusive of 85 non-PPP and 48 PPP projects. The main contribution of this paper shows 
that PPP can leverage public funds to nearly double the amount of infrastructure 
delivered to the public. Organizations can potentially use this new knowledge about PPP 
funding benchmarks inform their decisions on pursuing PPP project funds, specifically 
with respect to setting expectations in terms of typical investments regarding the two 
major PPP delivery systems. The authors’ ongoing and future research efforts include 
quantifying the added value of private involvement in the long term and quantifying the 
project performance of completed PPP projects. 
  
144 
 
5. CONCLUSIONS 
5.1 Summary of Research 
This dissertation provides a comprehensive performance study on the use of PPP for 
transportation infrastructure projects. This study began with developing a baseline of 
comparison for PPP. Therefore, the first phase was a comprehensive meta-analysis of the 
last two decades of DB performance research and gathering project data from completed 
DB projects. DB performance literature was studied to ascertain a better understanding of 
the current state of project performance in terms of cost and schedule metrics; 
additionally, common metrics used to quantify performance were also gathered from this 
study. Non-PPP project data (DB and DBOM) was gathered to form a baseline for 
comparison for the two PPP methods, DBF and DBFOM. 
The results from the first phase of this research provided a motivation and a 
baseline for the second phase: gathering PPP project data and comparing performance 
outcomes in terms of cost and schedule metrics. The collected non-PPP project data was 
statistically compared to performance outcomes of PPP projects. The findings from this 
performance study indicated schedule performance between non-PPP (DB and DBOM) 
and PPP were not significantly different, but PPP is performing significantly better in 
terms of cost. 
The significant results of the second phase motivated the third phase of the 
research: determining how PPP projects were financed. Subsequently, project financing 
data was collected and analyzed. The results of this third and final phase indicated 
DBFOM was the best indication of a “true” partnership between public and private 
entities, splitting the initial financing in half between public and private entities. The next 
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sections provide a summary of the key results and contributions to the body of 
knowledge, a discussion of the limitations of this study, and recommendations for future 
research. 
5.2 Summary of Contributions 
The objectives of this dissertation, all of which were met: were: 
(1) Develop a solid baseline for comparison, made up of comparable non-PPP 
projects; 
(2) Quantify PPP project cost and schedule performance; and 
(3) Quantify private versus public financing sources of PPP. 
 The baseline development presented in Chapter 2 contributed in two ways: First, 
a meta-analysis of DB transportation performance literature was conducted in order to 
benchmark typical cost and schedule change associated with the DB delivery system, 
which is known to offer the highest performance for transportation projects. Second, DB 
project data was gathered from comparable completed public DB transportation projects, 
and these were statistically compared to the literature findings. Comparative statistical 
analysis was completed for cost and schedule change of the literature findings versus the 
collected DB data. It was shown that the performance results of the collected DB data 
were similar to those presented in the literature, solidifying the baseline that will be used 
in the remainder of this dissertation. The next part of the research involved gathering PPP 
project data and comparing performance between non-PPP and PPP methods. 
 The performance analysis presented in Chapter 3 provides a project performance 
baseline for PPP based on two metrics: cost and schedule. For cost change, 19 of the 27 
PPP projects were completed either on budget or with less than five percent cost change. 
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For schedule change 24 of 27 PPP projects were completed either on time or earlier. The 
average cost change was around 3% and the average schedule change was around 1%. As 
a whole, PPP is resulting in projects with significantly less cost change than the 
comparative non-PPP projects used as the baseline (which use DB, the best method 
known to control cost change based on the literature). However, schedule change was 
shown similar for PPP and its baseline; both delivery systems are experiencing average 
schedule change of 1% or less. 
 The financial sources analysis of this research is presented in Chapter 4. The 
chapter provides an overview of financing mechanisms utilized in PPP, quantifies PPP in 
terms of six sources of financing, and conducts a regression analysis to forecast future 
financing trends. The key result of this research indicated that DBFOM is the best 
example of a “true” partnership between public and private entities due to the equal 
financing amounts provided from the public and private sides. For public finances, trend 
analysis indicated that state and local financing and TIFIA loans are increasing rapidly, 
while federal grant programs are exhibiting less use in PPP. For private finances, PAB 
and equity financing are exhibiting rapid change in helping to finance PPP, while debt 
financing is beginning to plateau. Most importantly, the analysis indicated that the use of 
PPP methods leverages public finances on a 1.2:1 basis and PPP allows to nearly double 
the amount of infrastructure delivered to the public. 
 Overall, this dissertation contributes to the engineering and construction body of 
knowledge by quantifying the project performance and financial sources of PPP projects. 
The results can be used as a national baseline for expected PPP performance outcomes in 
terms of cost and schedule metrics. 
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5.3 Recommendations for Future Research 
Now that the project performance of a significant number of PPP projects has been 
quantified, follow-up studies could be completed to characterize the operational lifecycle 
performance of these projects, including the maintenance programs of these contracts. 
Furthermore, similar studies can be conducted outside of transportation infrastructure to 
characterize the performance of PPP in other sectors, such as buildings, 
telecommunications networks, and industrial projects. Addressing these research 
recommendations will provide a better understanding of the performance of PPP not only 
in transportation, but for other infrastructure sectors as well. This greater understanding 
can better help project stakeholders when deciding whether PPP is the right delivery 
method for their infrastructure projects. 
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 Project Name Location Delivery 
Method 
Contract 
Value 
($M) 
1 Alaskan Way Viaduct WA DB 3,162 
2 Anacostia River Bridge, 11
th
 Street Phase 1 & 2 DC DB 309 
3 BART SFO, Rail  CA DB 1,483 
4 Belt Parkway Reconstruction NY DB 55 
5 Blue Line Ext. DC DB 218 
6 Carolina Bays Parkway SC DB 226 
7 Central Texas Turnpike TX DB 3,250 
8 Conway Bypass  SC DB 386 
9 Cooper River Bridge Replacement SC DB 675 
10 Crenshaw/LAX Transit Corridor CA DB 1,876 
11 Dallas-Fort Worth Connector TX DB 1,002 
12 Denver Union Station CO DB 336 
13 Dulles Silver Line Phase 1 & 2 VA DB 5,684 
14 Escambia Bay Bridge Replacement FL DB 243 
15 E-470 Tolled Beltway CO DB 1,230 
16 Eastside Light Rail Phase 1 CA DB 600 
17 Foothill Eastern Toll Road CA DB 1,808 
18 Foothill South Toll Road CA DB 645 
19 Gerald Desmond Bridge Replacement CA DB 1,288 
20 Grand Parkway/SH 99 Segment D – G TX DB 2,900 
21 Hathaway Bridge FL DB 82 
22 Herbert C Bonner Bridge NC DB 216 
23 Hiawatha Bridge MN DB 715 
24 Highway 212  MN DB 238 
25 I-10 Phase 1 & 2 FL DB 26 
26 I-15 Corridor Expansion (I – Core) UT DB 1,306 
27 I-15 Corridor Reconstruction UT DB 1,630 
28 I-15 New Ogden Weber Expansion UT DB 238 
29 I-15 North Corridor NV DB 252 
30 I-17 Upgrade Thomas to Peoria AZ DB 86 
31 I-205 Green Line LRT Extension OR DB 180 
32 I-30 / I-35E Horseshow Bridge TX DB 715 
33 I-35W St. Anthony Falls Bridge MN DB 234 
34 I-4 Bridge Over St. John’s River FL DB 102 
35 I-4 Widening (SR44 to East of I-95) FL DB 135 
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 Project Name Location Delivery 
Method 
Contract 
Value 
($M) 
36 I-485 / I-85 Interchange NC DB 92 
37 I-494 Reconstruction MN DB 136 
38 I-5 Everett HOV Lanes WA DB 185 
39 I-64 Reconstruction MO DB 420 
40 I-71/670 Interchange OH DB 244 
41 I-77 Rehabilitation NC DB 59 
42 I-90 Innerbelt (Eastbound) OH DB 273 
43 I-90 Innerbelt (Westbound) OH DB 293 
44 Intercounty Connector MD DB 2,399 
45 I-way (I-195 Relocation) RI DB 610 
46 Jamestown Corridor VA DB 32 
47 Loop 1604 Western Extension TX DB 120 
48 Manor Expressway Phase 1 & 2  TX DB 426 
49 Metro Gold Line Union Station – Pasadena CA DB 457 
50 Metro Gold Line Pasadena – Asuza CA DB 486 
51 MOPAC Express Lanes TX DB 200 
52 Ohio River Bridges Downtown Crossing KY DB 1,452 
53 Palm Beach Ft. Lauderdale Rail Project FL DB 239 
54 Paseo Del Norte I-25 Reconstruction NM DB 93 
55 Reno ReTRAC NV DB 280 
56 Route 28 Upgrade VA DB 390 
57 Route 58, Phase 2 VA DB 83 
58 Safe and Sound Bridge Replacement MO DB 685 
59 San Joaquin Hills Transportation Corridor CA DB 787 
60 Sawgrass Expressway Widening FL DB 41 
61 SR 22 HOV Lane Improvements CA DB 490 
62 SR-91 Corridor Improvement Project CA DB 1,312 
63 Tacoma Narrows Bridge Toll Facility WA DB 615 
64 Tappan Zee Bridge NY DB 4,979 
65 T-Rex I-25 Road & Rail CO DB 1,670 
66 Triangle Expressway NC DB 1,203 
67 U.S. 17 Washington Bypass NC DB 192 
68 U.S. 183-A Turnpike TX DB 337 
69 U.S. 20 OR DB 130 
70 U.S. 281 North Toll Road Expansion TX DB 328 
71 U.S. 36 Phase 1 CO DB 313 
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 Project Name Location Delivery 
Method 
Contract 
Value 
($M) 
72 U.S. 52 Reconstruction MN DB 232 
73 U.S. 60 Upgrade AZ DB 184 
74 U.S. 70 NM DB 129 
75 U.S. 64 Knightdale Bypass NC DB 131 
76 Anton Anderson Tunnel AK DBOM 80 
77 BART Oakland Airport Connector CA DBOM 484 
78 I-35 Managed Lanes Phase 1 TX DBOM 1,400 
79 Hudson-Bergen Light Rail (Phase 1, 2 and 3) NJ DBOM 1,260 
80 Jamaica-JFK Airtrain Light Rail NY DBOM 1,825 
81 State Route 288 VA DBOM 236 
82 SH 183 Dallas-Fort Worth TX DBOM 848 
83 Trenton RiverLINE Light Rail NJ DBOM 998 
84 U.S. 550  NM DBOM 314 
85 U.S. 77 Upgrade Kingsville – Driscoll TX DBOM 95 
86 95 Express Lane Phase 1A and 1B FL DBF 159 
87 Alameda Corridor CA DBF 2,461 
88 Atlantic City-Brigantine Tunnel NJ DBF 330 
89 Georgia I-75/575 Northwest Corridor GA DBF 834 
90 I-4 Selmon Expressway Connector FL DBF 426 
91 I-485 Outer Loop NC DBF 169 
92 I-75 North of SR80 to South of SR78 FL DBF 72 
93 I-95 South of SR406 to North of SR44 FL DBF 139 
94 I-95 Widening FL DBF 200 
95 IROX I-75 FL DBF 458 
96 Lake of the Ozarks Toll Bridge MO DBF 40 
97 North Tarrant Expressway Segment 3B TX DBF 260 
98 Palmetto Expressway Improvements Segment 2 FL DBF 190 
99 Palmetto Expressway Improvements Segment 5 FL DBF 559 
100 Portland Airport Max Light Rail OR DBF 125 
101 SH 161 George Bush Turnpike Extension TX DBF 1,165 
102 SH 601, Liberty Expressway TX DBF 367 
103 SR 9B Extension – Duval County FL DBF 105 
104 U.S. 19 Pinellas County FL DBF 109 
105 U.S. 1 Highway Safety Improvements FL DBF 114 
106 U.S. 460 Highway Improvements VA DBF 1396 
107 Camino Columbia Bypass TX DBFOM 115 
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 Project Name Location Delivery 
Method 
Contract 
Value 
($M) 
108 Denver Eagle PPP Project CO DBFOM 2,045 
109 Dulles Greenway Toll Road VA DBFOM 350 
110 Florida Turnpike Service Plazas FL DBFOM 180 
111 Foley Beach Expressway AL DBFOM 44 
112 Goethals Bridge Replacement NY DBFOM 1,470 
113 I-495 Capital Beltway HOT Lanes VA DBFOM 2,068 
114 I-595 Express Lanes FL DBFOM 1,908 
115 I-4 Ultimate FL DBFOM 2,876 
116 I-635 LBJ Freeway TX DBFOM 2,800 
117 I-77 HOT Lanes NC DBFOM 636 
118 I-95 HOV/HOT Lanes VA DBFOM 923 
119 I-69 Section 5 IN DBFOM 364 
120 JFK Terminal 4 NY DBFOM 1,500 
121 Las Vegas Monorail NV DBFOM 649 
122 Midtown/Downtown Tunnel VA DBFOM 2,088 
123 North Tarrant Expressway Segment 1 & 2 TX DBFOM 2,049 
124 North Tarrant Expressway Segment 3A TX DBFOM 1,377 
125 Ohio River Bridges East End Crossing IN DBFOM 1,308 
126 Port of Miami Tunnel FL DBFOM 1,071 
127 Presidio Parkway Phase 2 FL DBFOM 362 
128 Route 3 North Widening MA DBFOM 385 
129 SH 130 Segments 5 – 6 TX DBFOM 1,326 
130 South Bay Expressway CA DBFOM 658 
131 Southern Connector SC DBFOM 260 
132 SR 91 Express Lanes CA DBFOM 126 
133 U.S. 36 Phase 2 CO DBFOM 209 
 
